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APPENDIX A 

PLANT NO. 3 INSPECTION 



OBJECTIVE: 

PRESENT: 

ACTI\‘ITIES: 

PLANT NO. 3 - SITE VISIT TRIP REPORT 

OCTOBER 26 to 27,192 

Investigate the current and historic areas in and around Plant No. 3 to determine the 

potential for TCE to migrate into the soils and groundwater. In particular, source areas 

that may be associated with TCE contamination found in monitoring well HN-241 located 

south and west of Plant No. 3. 

David Brayack (HALLIBURTON NUS) 

Kevin Kilmartin (HALLIBURTON NUS) 

Jack Dunleavy (Navy - IO/27 only) 

Tony Giouvalakis (Grumman - 10127 only) 

Donald Miller (Grumman - 10127 only) 

On October 26, 1592. HALLIBURTON NUS conducted an inspection of the exterior of 

Plant No. 3 and on October 27. 1992 HALLIBURTON NUS, Navy, and Grumman 

conducted an inspection of the interior of Plant No. 3. This inspection was visual and 

non-intrusive in nature and specifically addressed each historic production line identified 

in the IAS as well as current operations. See attached Figure 5-l from the IAS with 

markups. 

EXTERIOR ISSPECTION: 

Overall the inspection of the exterior of the building did not indicate the presence of any 

potential major source areas of TCE contamination. Relevant observations are 

sumfMrized as follows. 

0 Drums labeled as ‘reclaimed perchloroethylene’ (PCE) were observed in the yard arra 

(Site I) east of Plan1 No. 3. Some of the drums contained residual liquids. Four 

additional. unlabeled and unknown drums are in the location of the former drum 

marshaling area. 
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0 Above ground bulk tanks are prominent along the eastern edge of Plant No. 3. Based 

on labeling on the tanks, the tanks contain raw and/or waste TCE, sodium hydroxide, 

nitric acid, hydrofluoric acid, and Plant No. 3 process wastes. Visually, each of these 

tanks has competent secondary containment and there is no significant evidence of leak 

or spills in the areas. 

0 Foundations along the southern edge of Plant 3, near the eastern comer, indicate that 

h&y equipment was located hem in the past. Grumman reports that these foundation 

were not tanks. 

0 Also along the southern edge of Plant No. 3 is a hazardous waste treatment unit, a. 

maintenance shop, and a loading dock (cafeteria). 

l The western edge of Plant No. 3 consists of office-type buildings. The western edge of 

the manufacturing portion is not visible. 

l At the northwestern comer of Plant No. 3 there are dust collectors and transformers. A 

parts storage area, waste zyglo tanks, paint booth tank, empty-drums storage areB. and 

a scrap metal storage ~sc8 are located near the center of the northern edge. None of 

these areas appear to be major source areas of TCE. although there is the potential for 

them to be minor source areas. 

WTERIOR INSPECTION: 

Overall. the inspection of the interior of Plant No. 3 did not find any obvious major source areas 

of the TCE contamination found in HN-241. Specific potential areas include the TCE solvent 

tanks near north eastern comer of Plant No. 3 and the TCE solvent tank near the north western 

comer of Plant No. 3. Each of these areas as well of other areas investigated are discussed 

below. 

TCE Solvent Tanks - Northwest Comer of Planr No. 3 - Two large (loo0 gallon plus) TCE 

solvent tanks were in use in this area between approximately 1984 and 199 I. Both tanks have 

secondary containment. For the larger of the two systems. there is no reports or evidence of 

leaks. Additionally. based on a visual inspection. the secondary containment is competent. The 
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second tank is smaller. There are reports of minor leaks, particularly near the recirculation pump. 

The pump is also located in the secondary containment. However, near the pump, there is what 

appears to be an expansion joint. This joint represents a potential pathway for leaked solvents to 

enter the soils (and groundwater) underneath Plant No. 3. 

This location is approximately 700 feet north of monitoring well cluster HN-24. Based on the 

distance and the approximate groundwater velocity of 70 feet per year, the location is a potential, 

but unlikely, source of the contamination at HN-241. However, because of local production wells 

and the potential migration of TCE as a DNAPL, this location cannot be eliminated. 

Conclusion: The computer modeling will be used to determine if this is a potential source of’ 

groundwater contamination. If this location is a potential upgradient area, then an intermediate 

depth monitoring well will be placed between HN-24 and this area. 

TCE Solvent Tank - Northeast Comer of Plant No. 3 - One large (1000 gallon plus) TCE solvent 

tank is currently in use in the new Chem Mill area since approximately 1978. Secondary 

containment is present under this tank and the majority of it is in good condition. During the 

inspection a very slight solvent odor was noted in the sump. Also, a minor crack was observed 

in the secondary containment. 

Conclusion: This area is close to the former drum marshaling area (Site I). If the computer 

modeling indicates this to be a potential source area. then an intermediate depth monitoring well 

will be placed between HN-24 and this area. 

Genenl Areas in Plant No. 3 - During the inspection, 55-gallon drums of solvent were noted to 

be present throughout the building. There were also corresponding solvent collection drums 

throughout the area. Because of the concrete foundation in Plant No. 3, each of these areas would 

not bc expected to be a potentially significant source. 

Alodine/PlatinelPaint/Heat Treat Areas - TCE is not believed to have been used in this area 

(currently as well as historically) in significant quantities. Alodine and plating operations do not 

normally use solvents in quantity and paint stripping and application typically use non-chlorinated 

solvents such as toluene. There is a sump under the plating operation that could not be inspected 

because of the presence of water. The former heat treat area is gone. 
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Printed Circuits Area - No evidence of previous activities or potential problems remain in this 

area. 

Zvelo hmtion Area - Reportedly, no solvents are used in this ~IWZSS. Although based on work 

at another Navy facility, some zyglo solutions may be 1, I,1 TCA based. 

Paint./Polvethvlene Glvcol Areas - No evidence of previous activities or potential problems remain 

in this area. The use of TCE was not identified with this process. 

Honevcomb Cleaning/Paint Areas - No evidence of previous activities or potential problems 

remain in the Honeycomb cleaning area. Approximately 50 gallons per month of TCE was 

reportedly used in this process in the past. Paint Booths remain in the general area of the reported 

paint locations. Paint stripping and application typically use non-chlorinated solvents such as 

toluene. 

Sulfuric Acid Anodize - This area consists of an abandoned former TCE solvent tank with 

secondary containment, an abandoned acid treatment system, and a reclamation unit for PCE 

vapors from the Flo-Coat Clean tine. The TCE tank was built in the 1980s and abandoned in . 
1987 as part of a corporate effort to reduce solvent use. This tank was observed to have 

competent secondary containment. The acid treatment system also has secondary containment, 

however, there is visual evidence of acid l&s from pump seals and acid attack of the secondary 

containment concrete. The F’CE reclamation unit is relatively new. There is no evidence of 

potential solvent leaks from this area. 

Flo-Coat Chxn Line - PCE is used in this ares to thin the coating material. The PCE is 

volatilized from the coating material first in an enclosed/ventalated room and then in a heated 

dryer. The fumes from this unit are transferred to the reclamation unit near the sulfuric acid 

anodize. Visually. the building foundation in this area is competent. 

Former Chem Mill Area - There is no evidence of previous potential problem areas. 
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APPENDIX B 

SAMPLE LOG SHEETS/CHAIN-OF-CUSTODY FORMS 



s Surface Soil 
!Zl Subsuriace Soil 
c! Sediment 

Page I of 20 

Case 3 IJA 
~iWiLLIBURTON NUS 
\lp Environmental Cotpodon 

E Lagoon ! Pond 
a Other 

BY ru 

Project Site Name 

NUS Source No. 

m LOW Ccincentratton 

u %o:::ntrat’on 
c] Grao - Comoorlte 

m fiESERV : Observations; Notes 

I I I 
I Orqiinlc Inor;amc 

Trrffic 4coor. 0 I 

I 

I 
vorume 



5AMPLt LOG SHEkT 

AEWLLIBURTON NUS 
ww Envbvnmentd Cotpomtion 

x Suriace Soii 
u Subsuriaca Soil 
E Sebment 
E Lagoon I Pond 
u Other 

Page 2 of 2u 

case 3 NA 

Projeff Site Name 

NUS Source No. 

I Samcue Metnoa: 
5 s 7kliJdL 
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i).p 

Comoostt~Samole Data 
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I 
Sample Date & Time: 

i2-/j’- 92 C!~~~-Wrs. i 
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7-e 
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,~C/C&J 

Type 6i Shore 

m LOW Cpncentratton 
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IJ Gfao 
fl C3moosltc 
G Grao - Comooslre 

1 

Samole Data 
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I 
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I 

! 

I I 
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~iWALLIBURTON NUS 
‘<a Environmental Corponriion 

5AILlPLt LOG SHEt T 

r Suriace Soil 
S Zubruriace Soil 
C Sediment 
E Lagoon / Pond 
a Other 

Page 3 of LQ 

Case i IJA 

BY TR 

Project Site Name 

NUS Source No. 

Sample Metnoa: 
5 s Acauct 

/buprc 

3eptn Samplea: 
3,04- 3.5’ 

, 
Comooslte Samale Data 

Samole Time Color !Jercrmt~og/ 

t 

Samoreo 9~. 

Signaturew: 
$+&A- 

, 
Type oi S$mote 

p0 Low Cmcentratron 
17 Hlgn Concentration 
[7 Cfao 
ilc 3moosift 
q Grao - Comoorlte 

Samoie Data 

Observations; Notes 

&I”‘. A+cJ i.4 /,yJ*-‘” ArCA Ale 
A/ f” W# 

J=..PlcL 

I Orqrnic ! lnor;ancc 1 

I votume 
I I 



~kMALLIBURTON NW 
Mlw Environmental Corporrrtion 

%Surface Soil 
d Subruriace Soil 
c Sedtment 
G Lagoon / Pond 
17 Other 

Page 4 of Zd 

Case 3 NA 

BY TR 

m LOW C3ncentfat~on 
q Hfgn Concentration 
G Cfao 
a Comoosltc 
a Grao - Comuorlte 



5AMPLt LOG SHEtT 

~~HALLIBURTON NUS 
1-w” Envi~nmed Corporation 

PaSe 5 of to 

Case4 NA 

E iagoon/Pond 
G Other 

Projeff Site Name 

NUS Source No. 
\ / 

Comoowe Samote Data ! 
4 

Samore I Time ! Coior 3ercrIotlon i j 
3eptn Samplea: 

o-6” 

Samute Date 13 Time: 
12- i..?c’ Oqtu Hrs. 

Samolea 9y: 
TR 

m Low C3ncentratlon 
/J ktgn Concentration 
s Graze 
fl C3mooslte 
G Grab - Comoorlte ; 08scnwon: (hno. Cay. 0 

OdtZ Smooea I I 
:tmr jn100eo I 

I LdO 

I 
Volume 



5AMPLLt LOG SHEt T 

~!MALLIBURTON NUS 
ln& Envitvnmentd Corporation 

&Surface Soil &Surface Soil 
C Subsuriacc Soil C Subsuriacc Soil 
C Sediment C Sediment 
c Lagoon / Pond c Lagoon / Pond 
0 Other 0 Other 

Page (;s of tb 

Case 3 NA 

NUS Source No. 



Pase 7 of 23 -- 
Z Surface Soil 

.-I nvirvnmenffd Corpo*n Case i r(A 
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NUS Source No. 
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I 
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yn& Envitllnmentd Corporation 

SAMPLt LOG SHEt T 

r Surface Soil 
- Subsuriace Soil 
B Sediment 
E Lagoon I Pond 
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NUS Source No. Rp- 5BZ/563-4 

Page 6 0ftQ 
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BY TR 
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4~tL1PltLOG SHEtT 

~~HALLIBURTON NUS 
\rvw Environnzental Corporrrtion 

r Surface Soil 
Pase j of Lo -- 

T Subsuriace Soil 
8 
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: Sedtment 

E Lagoon /Pond 
u Other 

BY TR 

Project Site Name 

NUS Source No. 

Sample Metnoa: 
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//.#gp 

Type ofiadle 

q Low Concwtrarlon 
a Hfgn Concentfatlon 
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q Grao - Comooslte Color : Dexnotron: 

o/ p/&d/// 

$&., &eSERv : Observdtlons: Notes 
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~ACLlPLLt LOG SHiit T 

~~HALLIBURTON NUS 
\lp Envdnmental Corporation 

X Sutiace Soii 
u Subruriace Soil 
c Sediment 
G Lagoon I Pond 
a Other 

Pace 10 of LO -- - 

Case 3 NA 

BY TR 

Projeff Site Name 

NUS Source No. 
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/J hlgn Concentration 
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I 
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~~HALLIBURTON NUS 
\lF Envbvnmentd Corporalion 

5 Surface Soii 
u Subsuriace Soil 
@ Sediment 
E Lagoon /Pond 
I? Other 

Pace II of zc -- 

Case 3 NA 

BY TR 

Project Site Name 

NUS Source No. 

s 5. TRoiJdL 

3eptn Sdmprea: 
0 -6” 

Samole Date & Time: 
[Z-/j’--92 /3d0 HI-S. 

Comooslte Samole Data I 

Samole 
1 
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I 
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0: Hqn Concentrarton 
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a C3mooslte 
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ml* PRPSERV : Obrervatlonr : Notes 
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I 
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5AILlPLk LOG SHEt T 

~iiWLLIBURTON NUS 
179 Environmend Corpodon 

L 
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, 

,: 

s S&ace Soil 
,R Subsuriace Soil 
c! Sediment 
E Lagoon / Pond 
u Other 
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NUS Source No. 

Sample Metnoa: 

Qs Low Concentration 
q hign Concentration 
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L10 I 
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~kHALLIBURTON NUS 
\lp Environmental Corporation 

5AMPLt LOG SHEt T 

r Skiace Soil 
E Subruriace Soil 

-e* Sediment 
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NUS Source No. 
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5AMPLt LOG SHEtT 

d~HALLIBURTON NUS 
my- Environmental Copodon 
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Page 10 of La 
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5ArwLt LOG SHEtT to 
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\I9 Environmend CovoMtion 
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c Sediment 
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Page I7 of -- 
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0 Hlgn Concentration 
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4 
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Tag l 
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TrdffIC SrOOr. 8 

Volume 



5AfvlPLt’LOG SHEt T 

&WLLIBURTON NUS 
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Page 20 of Za 
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BY TR 

Project Site Name RE~HPAG~ 

NUS Source No. BP- k's2 4 

Project Site Number f95h 
Source Locatron In S&U DTL/M( fi k 

v. 
‘) 

- 

Sample Metnoa; Comoosite Samote Data 
5 5. riU&h/..L Samole I Time Color Descrforlon 

0 

Observations i Notes 

L 

I 
Trrftic 3roor: l I 

‘a9 8 
! 

Aa 8 
Dare Smooeo I 
Ttme jntooeo I 
La0 

I 
Volume 

I 

Orqmc (nor;amc 



SAILlPLk LOG SHEt T 

~MALLIBURTON NUS 
\qv Envimnntental Corporrrtion 

5 Surface Soil 
G Subsurface Soil 
C Sediment 
E Laaoon/Pond _ , 

GJ 

Pace 8 of I ( -- P 

Case 4 NA 

8~ Tf? 

Project Site Name RZTHPAGP Project Site Number I953 
NUS Source No. BP- fl53 0 eLABWA& Source Locatwn In E&I Drv~( PC ky 

1 2 
Sample Metnoa: 

s s. 72obv?bL 

Depta Samplea: 
3”- /L ** 

Samole Date 8 Time: H 
12- /7- 92 2.2 Hrs. 

Samolea 3~. 
T6 

Samole 
Comoosite Samote Data ., 

Time Color Desctlonon / 

1 

I 

SlgnatureW: 

, 
Type oi Samore 

a Grao 
a C~moosite 

Samote Data 

a Grab - Comooslte l :. etc./ I 

v A-F , 
Andtvsls~ t9kWlPResEER : 1 Observations: Notes I 

I 
lrrf6c Seoor. 0 I 

‘r9 I 

Oqrntc I lnor;an~e 

ra l I 

Date Inloom I 

rlmr jmooea I 
, 1 

I 
volume 

I 



5AMPLt LOG SHEk r 
Pace 

4~HALLIBURTON NUS 
9 ofil 

r Surface Soil 

\lp Environmental Corporation a Subsuriace Soil Case 4 PJA 
C Sedtment 
E Lagdon I Pond BY TR 
a Other Dfuhed SJ:~ CU++;~~ i 

Prqeff Site Name Project Site Numb 

p -4 % 4 GL-7 $ G--rfO)/ c 



~bWLLIBuRTON NUS 
.=v Envimnntentd Corpomtion 

SAMPLt LOG SHEtT 

5 Surface Soil 
17 Subsuriaca Soii 
E Sedtment 

Page /b -of // 

Case i NA 

Source Locatron 1~3 

nonttatton 



5AMPLt LOG St-MT 

~kH&LIBURTON NUS 
‘\lF’ Environmental Corporation 

r Suriace Soil 
Pase // of /( 

5 Subsuriace Soil Case 4 PJA 
C Sediment 

Lagoon/Pond BY TR 

Other s &++cJ Se. / &ff,., 
/ 

Projefl Site Name RE~HPAGL 

NUS Source No. BP- o( 2 /3- 

Project Site Numb 

Source Locatlon In s.+ 

Sample Metnoa: 

Hlgn Concenrratlon 

a Grao - Camoorrte 

Oqan1c I Inor;amc 

Tag l 

I 
Volume 

I 



wIBUR’J’()N NUS SAMPLE LOG SHEET 

Environmental “wrrrtion a Momtortng Well Data 
Paw I of_L . 

Case Y 

BY fr-ccc - 

Project Site Name 

NUS Source No. 

Project Site Number 1qs3 
Source Location 

rotal Well Depth: 

Cas;ng Size & Depthi 

0 Dee?, 2cg 
I 

Static Water Level: b 5 2 I 

One Casrnq Volume: 

Stan Purqc (hn.1: 
End Purge (hrr.): 
Total Purge Time (mm.): 

rota1 Amount Purged (gal.)* 
\nonltor Reading: 

v 

fdore&i d3dQ lx&t& 

QrqcMcthod: 2” bcz; 1~ 
” 

iamole Method: 11 

3eptn Samolcd: ~O-/oO ’ 
jample Date 8 Time: 

,2 IIS-PI 2 13s 

Type of Sample 

m Low Concentration 
0 High Concentratton 
0 Grab 
0 Comooslte 
ci Grab - Composite 

Volume 

hrqe Data 

Color 6 TurbIdIt - 

1di-r 7zzl*ll AL.. 
I” I ” 

pH I S.C. 

I 

Sample Data 

Temp. (OC) Color 6 Turb - _ 

Observations / Notes: 

_ 
Vowme 

I I 



emwIBuIyT(‘)N NUS SAMPLE LOG SHEET 

I8 EnvironmeMd corPodn a Monltorlng Well Oata 
0 Domcrtrc Well Data 
0 Other 

Page -of-. 

Case # - 

Project Site Name &? 7/../2d Project Site Number / 753 

NUS Source No. up- G-f- // Source Location x&5 -FAp wc(I Z&Z VW. 

Total Well Depth: 59.5' I Purge Data 

Well Carmg Size & Depth: Volume 1 pH S.C. 
7k/lp H&L ,,‘4 pJ= 

Terns PC) I Color & Turbldlty 

r I 7.3a +a+ 3-L 1 7AA Ah)4 

Stattc Water Level: 5959 
One Carmg Volume: - 

Stan Purge (hn.): 0 w Y-Y- 

End Purge (hn.1: 09q" 
Total Purge Time Imtn.1. 95 
Total Amount Purqed (gal I.,$,* J I 

Monitor Readm 
& 

: I 
#%jJJ d. wy- I 

Puree Method. Tir~-,.~ &*/CA 

Sample Method: lt I’ I 

Deptn Samoled : 

Sample Date 8 Time: Sample Data 
/z-/c- Pt c‘ w3- pH I S.C. Temp. (OC) Color 6 Turbldlty 

Sampled By: 274. 

74 7.95 Y;o 7dd tt,l 

Stgnaturefs) Observatlonr ! Notes: 

Type of Sample 

Q Low Concentfatlon 
C High Concentration 
a Grab 
0 Comoowe 
0 Grao -Composite 

Prerervatwe I 
I Orprnlc I :norganlc 

I=/ ! I Trafftc RCUO~ # I 



wIBm()N NUS SAMPLE LOG SHEET 

Environmental Coprorion $L Monltormg Well Data 
0 Domenx Well Data 
0 Other 

paw of m, 

Case Y - 

BY 74 

Project Site Name f%7~J!!~ g 
NUS Source No. BP, C - R- 5 

Project Site Number / 953 

Source Location C?&-;, *c/2 06 mapI T 
J 

r4 < 
- 
1 

V 

S 

C 
5 
E 
T 
1 

h 

P 

S 
c 

5 

5 

s 

1 

e 
c 

Observations / Notes: 
&,I/ C.//PC+ wq-/fl- 

Type of Sample 

B Low Concentration 
8 ;lg; Concentration 

ra 
0 Composite 
E Grab - Composite 

I Volume 
I I 



wIBm()N Nus SAMPLE LOG SHEET 

Environmental copd’ a Monltortng Well Data 
0 Domcnx Well Data 
0 Other 

PHMJr 

page of 

case Y 

BY 

Project Site Name fi EF H r4 L E 1’153 Project Site Number F 

NUS Source No. k/G d-1 Source Location pi won, 5 TV 7z(c 

Total Well Depth: Purge Data 

Welt Casmg Size & Depth: Volume pH S.C. Temp. (Xl Color & Turbidity 

2” G/ ’ I pt ‘3rr2 l’r. I DW i-11 

Static Water Level: F3 97 0 

One Casmq Volume: 1, j-&jr& 

Stan Purge (hn.1: 11 LC’ I 

End Purge (hn.1: 13 I 0 
Total Purge Time (mm .I: 

Total Amount Purged (qal.1. yLl.L d 
Monitor Readrng: 

;“( , 
dLL I I 

Puree Method’ 3 5 OA,~A/C 

Samole Method: >. 5 WILF l!- 1 

Deptn Samokd : C/A + 1’. 61’ 

Sample Date & Time: Sample Data 
1)L.v - ‘\2. 13 \C’ pH I S.C. ! Temp. t°C) 1 ! Color i% Turbtdlty 

1 Signature(r) lob servattons / Notes: 

T&.*4’ ;;&YL t 
Type of Sample 

m Low Concentratton 
c High Concentratton 
a Grab 
0 Comooslte 
c Grab - COmpOSlte 

I 

Analyw Preservattve I 
I 
I Orqrnlc I :norqrncc 

\‘<A\ J-ICI- Traffic Acoon 8 I I 

LxY.lu%JfPC, Tag 8 

I I I 

t 

I I I 

A6 8 I 

’ V”‘umr 



45 w1B-N NUS SAMPLELOCSHEET 

EnVhmd co~ration a Monitonng Well Data 
8 g;emc Well Data 

Page of P -- 

Case Y - 

BY 

Prolect Site Name bEwf%c #hs~ 1L ( CIS) Project Site Number 

NUS Source No. WP2 - I Source Locrtion piEzoJ>fTER I;;L 

Sampled By: 
f7 ‘(L 

Signature(s) 

( Eli I? 
w\ 

Type of Sample 
a Low Concentration 
8 ;lg; Concentration 

;I CZnmoosite 
17 Grab . COmpOslte 

/. 3 5.7 22‘3 It.6’ WV HI _ 
Observations I Notes: 

1 
Analysis 

,LLP 

- 
Volume 

I 



mIBUl$‘J()N NUCJ SAMPLE LOG SHEET 

EnVbVJlmentol co~rvrtion 0 Monltorlng Well Data 
Page 1 of 1 

0 Domestx Well Data Case Y 
@! Other T~yxmwrl WC I( 

BY LCL 

Project Site Name /?cI! m Ph 2 Project Site Number /9 5 3 

NUS Source No. @f - 6 - R - 0 / Source Location Tq~p~~t~(rf cue 11 NO, 3 
c 
1 

\ 

t 

( 
t 

I 

i 

1 

r 

i 
< 

t 
t . 

t 

I 

iota1 Well Depth: 

Nell Casing Sire 8 Depth: 

2’8 Cpol Dee? 
jtatic Water Level: 
3ne Casing Volume: 

itan Purqe (hrs.j?/ 04 0 
End Purge (hrs.1: / / 0 5 
rotal Purge Time (mm.). h 25 

rotal Amount Purged (gal.). 5 
Vlonltor Reading: 

o pp~ cd- b-a++ 

iamole Method :kf)idje ( h, fe\ 
>eptn Samoted: h ss- 1po 1 

iample gate & Time: 

I z/7/4 2 // 0 5 
iampled By: 

)(~Jrld c. )<A-wWiLTr\ 

jIgnature 

&TcJ7/x~ 

Type of Sample 

0 Low Concentration 
g;ig; Concentration 

0 CZnoorlte 
0 Grab - Compostte 

Analysts 

VCf) 

?reservatwe 

Her. cccl 5b PC 
I 

Purqe Data 

Volume 1 pH 1 S.C. ITemp. (Y)( 
I I 

Color & Turb@t$ 

Sample Data 
pH I S.C. ! Temp. (OC) ! Color & Turbldtty 

I 

Obrervatlons I Notes: 

Orqmc I :norqancc 



SAMYLE LOG SHEET 

~*MLIJB~OIV NUS 

Page of 

ww Environmental Corporation 
0 Mor.itoring Well Data 
0 Domestic Well Data - Case # 
a Other TI;HP. w 

i BYA 

Project Site Name &~PAG~ ~?-~IYJ&IZ KL Project Site Number (ss3 
NUS Source No. 08- G- R 0 0 2 Source Location &zw b *J, R~Q~~~TI~~ L 9rH fm : 

Total Well Depth: GO’ 

uVell Casing Size & Depth: 

2’ 9’ 60 f 

Static Water Level: q’, ’ 
One Casing Volume: - 

Start Purge (hn.): I3 Y5 
End Purge (hn.): IVlG . 

Total Purge Time (mm.): 3 D 

Total Amount Purged (gal.): @@!. 
Momtor Reading: 

OH- 

Purge Method: WC u 
Sample Method: 6%~ &, lep 
Depth Sampied: - 5 5 - 6 0 ’ 
5ample Date &Time: 

Sampled By: ’ 

Signature(r): Observations / Notes: 

Type of Sample 

a Low Concentration 
0 High Conccntrauon 

I3 
Grab 
Composite 

0 Grab - Composite 

finalyslr: 

\/CA 

I- I 
1 Prerervattve I Orgrntc morgrmc 

MC rCCLW(1.C frrff1c ReDon I 

Tag I, 

Purge Data 
Volume 1 pH j S.C. ITemp. (OC)( Color 8 Turbtdi 

I I I I 

, I I I 1 

1’ 

Sample Data 
pH j S.C. I Temp. (OC) I Color & Turbidity 

I 

I I 

I Volume j-l&o uo,a- r/d AL’S 

- 



wIBUR’J(‘)N NUS SAMPLE LOG SHEET 

Environmew “pdn 0 Morwokw Well Data 

Total Well Depth: EJ /& 
Well Casing Size 8 Depth: 

Ml/c 

Static Water Level: b/A 
One Casing Volume: IV/A 

Stan Purge (hrs.1: c/h 
End Purge (hrs.1: w/L 

Total Purge Time (mm.). t..~/,& 

Total Amount Purged Igal.)* v/k 

Monitor Readrng: - 

Puroe Method : - 

Samale Method: - 

Deotn Ssmoled : - 
Sample Date & Time: 

i2 -7-5’2 (300 
Sampled By: 

j= R\-33 cLatr~(z 

Signature(s) 

Type of Sample 

a Low Concentration 
g ;lg; Concentration 

0 CZnoante 
g Grab - Composite 

Preservative 

Yc L- 
cc22 Llv4 

Purge Data 

Volume 1 pH S.C. I Temp. (Y)l Color & Turbidity 
I I I 

DH 

-- 

S.C. 
Sample Data 

Temp. (OC) Color L Turbidity 

Ibservatlons / Notes: 

I 
! orqanlc :narganfc 



HAw,IBm()N NUS SAMPLE LOG SHEET 

Environmeti “pd’ 0 Monltortng Well Data 
0 Domestlc Well Data 
Is Other R,EJSH-T/z ~@a 

of Page - -,_ 

Case Y _ 

BY Fd - 

Prolect Site Name (km P&f Pwtsr Z RZ Project Site Number 1 q!?3 

NUS Source No. 8p- & - RBx Source Location i-/~& - 

otal Well Depth: - 

Veil Casing Size 6 Depth: 
- 1 

tatlc Water Level: - 

)ne Casing Volume: - 

#tart Purge (hrs.): - 

Ind Purge (hrs.1: - 

‘otal Purge Time (mm.). .* 

‘otal Amount Purqed (gal.). F 

nonftor Reading: 
- 

‘uroe Method : - 

,amole Method: - 

)eptn Samoled : - I 

,rmple Date & Time: 

I2 /e/‘i7, OEE=J 

lampled By: 
N 5t-:fL 

ilgnature(s) 

zd. fib 

Type of Sample 

m Low Concentration 
C High Concentration 

IT 
Grab 
ComDoslte 

5 Grab - Composite 

Preservatwe 

l/-fcL 
CCUL To L/f 

Purge Data 
Volume 1 pi 1 S-C. 1 Temp. PCII Color i$25rbldc J 

I I I 
- 

I 

Sampie Data 
pH I S.C. I Temp. (OC) ! Color & Tur, 2 

3bservatlonr I Notes: 

Oramlc I :norqrmc 

Trrfftc @coon 8 i I .- 
119 0 

I 

A0 8 I I 

Dare Snlooea I 

Tme Stvooea I 
- 

volume 

1 2X4Oe& 1 



WIBUKl'oN NUS SAMPLELOG SHEET 

EnVhVmlld co~tation 0 Monitormg Well Data 
0 Domtstrc Well Data 
[E3 Other~mCLS(wt cu<~L 

of page 

case Y 

BV . 

Project Site Name l?%W QK& fhC%tC Project Site Number / 793 
NUS Source No.BP- r”,- K-03 Source Location 9 4 3 _ ~gflp- cr/~LL 

Sampled By: 
/=unAHsER 

Slgnatureis) 

Type of Sample 

a LOW Conccntratlon 
C High Concentration 

B 
Grab 
ComDoute 

5 Grab - Compostte 

Prerervatwe I 
I Orgmc I :norgmtc 

i-ft I!- Trafftc Acoorl 0 I 

CO(jL rc WC Tag l 

I 

a0 * I 

Dare Snlooea I 
T~rnr Snlooea I 

LAO 

1 

Volume 

I 



~JBUR’JON NUS SAMPLE LOG SHEET 

EnVb7Dd cozen 

Page of - w- 
0 Monitonng Well Data 
0 Domestx Well Data case Y 

EJ oth~~~m~ 7 Lu&. 
ey& : 

Project Site Name 6E-m QAGG Qwfili .r Rr Project Site Number Iy $?3 

NUS Source No. BP-6-g 33 Source Location S&@ - 

‘otal Well Depth: $7 ’ 

Neil Casing Size L Depth: 

2(@ - 5Y F 
itatlc Water Level: 51.5 

Volume 

Purqe Data 
S.C. Temp. PC) I Color & Turbid ‘7 

I - 

>ne Casrnq Volume: - 
itan Purge (hn.1: i 325- 

End Purge (hn.1: 15TtT 

rotal Purge Time (mm.): ? il-’ 

rotal Amount Purqed (gal.)* $c+&. 

Mowor Reading: 
J 

0.0 pP* 
I r 

aurge Method: i?~t~~f2- 
iamole Method: Onr LE~L 

3eptn Samoled: h 51 3-‘- 9 ’ 
Sample Date &Time: 

(Z-y;-yz I’-//5 
Sampied By: 

~&bGk 
Signature(s) 

Type of Sample 

IF 
Low Concentration 
High Conccntratlon 

E Erabposlte 
0 6%. Composite 

Analyw 

c/o& 

2reservative 
tfCL 
CctrL m r”c 

I 

I 

I 
I 

- 
Sample Data 

pH S.C. Temp. (OC) Color & Turh i 

7./b 220 12, $- 

Observations / Notes: 

~p~tc,r,~~; OQ&-R-D’L VW- A’~Tu~s LOC, 

Date Sh~ooea 

volume 



wIfjm(‘)N NUS SAMPLE LOG SHEET 

Entimnmed co~orrrtion 0 Monltorlng Well Data 
.O Domestrc Well Data 
a Other fY%LJ &w~ 

of Paw 

Case Y . 

BY F% 

Prqect Site Name (s i%#‘AGE &‘4 $E a a Project Site Number 1753 

NUS Source No. p p- G -R-FBI Source Location - 

‘otal Well Depth: - 

Nell Casing Size 8 Depth: 

itatlc Water Level: --4 

Ine Caslnq Volume: - 

itart Purqe (hn.1: - 
ind Purqe Ihrs.): - 
rota1 Purqe Time (min.), - 

rotal Amount Purged (qal.1. - 

Jlonltor Readm 

‘urge Method, - 

iamole Method: - 
Ieptn Samoled: - 

iample Date 8 Time: 
7- y-L/t_ c-3 ‘7 s-0 

jampled 8~: 

~L&h-l~E~ 
iignature(s) 

Zrn~R~&L 
Type of Sample 

0 Low Concentration 
8 ;tg; Concentration 

IJ Gnposite 
C Cfao - Composite 

Analyst Preservative 

I 

Purge Data 
Volume 1 pH 1 S.C. (Temp. (Y)l Color & Turbldrty 

/ 
Sample Data 

pH 1 S.C. Temp. (OC) Color 6 Turbldtty 

- - -- 

Ibrervatlons I Notes: 

DE /-l,O f’ocrKrW (h--h ItiT< 

TWO w/u&- b//AL5 

I 
I Ofgrncc I :norqrnlc 

Trafftc Scoon L I I 

Tag l 

Volume 
I 



wIBm(‘)N NUS SAMPLE LOG SHEET 

EnVbWnmental coptlrtion 
page of 

0 Monltonng Well Data 
-- 

case Y 

BYW - 

Project Site Name 0GmfmE fkjw fX R7: Project Site Number b- 
NUSSourcc No. (jf’-& -P- (2(33 Source Location P/j. 

rotal Well Depth: - 
Nell Carmg Size L Depth: 

itatlc Water Level: A 
3nc Casing Volume: - 
Stan Purge (hrs.): - 
End Purge (hrs.): - 
rotal Purge Time (mm.), - 

rotal Amount Purged (gal )* - 

klonltot Reading: 

Purge Method - 
Samore Method: - 

Deotn Samoled : - 
Sample Date & Time: 

l2/Y/rL 07!iLY 
Sampled By: 

wfLhSE& 

Signature(s) 
- 

-4L!djykb 
Type of Sample 

II 
Low Concentration 
High Concentration 

E 
Grab 
Comciosite 

c Crab -Composite 

Analws 
. 

v/c4 > . 
Preservative 

CiCL 
COOLW VL 

Purge Data 

Volume 1 pH 1 S.C. 1Temp. POl Color & Turbid; 7 

- 
Sample Data 

OH 1 S.C. I Temp. (OC) ! Color 6 Turt -2 

i- 
3bservatlons 1 Notes: 

I . .- 
A8 H I 

Daw Smooea I 
I 

7In-e Sntooea I ,- 
UD 

Vocume 



. 

wIBuIyT()N N(Js SAMPLE LOG SHEET 

Envhnmcntal COW-n 0 Monltonng Well Data 
0 Domestrc Well Data 
@i OthefBmma~ WLC 

of page 

Case Y _ 

BY SW 

Project Site Name 

NUS Source No. @f- G-R- @ 

Total Well Depth: 55’ 

Well Casing Siz/e 8 Depth: 
zg 43 

Voiumc 

Purge Data 
S.C. Temp. PC) I 

I 

Color & Turbid* 

One Casing Volume: - 

Start Purqe (hrs.): f 3 I c 

End Purge (hrs.1: (y (5- 
Total Purge Time (mm.). h0 

Total Amount Purged (gal.). 8~d” 
il 

Monltor Reading: 
o.opp- 

Purge Method’ fib~~(L 
Sdmole Method: /%+IL~~ 
Deptn Samoled: - ‘3 7- ~3’ 

Sample Date 8 Time: I Sample Data 
12 -cc-‘7Z /q 20 ! pH I S.C. ! Temp. (OC) ! Color & Turbldlty 

1 Stgnature(s) lob servatbons / Notes: 

m Low Concentration 
C High Concentration 

!!!Y 
Grab 
Comoosite 

5 Grab -Composite 

Preservatrve I Orgrnlc I :norgrnlc 

HCL Tfafflc Qeoon 8 I 
&xc 70 v/“ Tag 8 

I I 



wIBUR’J()N NUS SAMF’LE LOG SHEET 

Environmental ‘*prrrtion 0 Monitortng Well Data 
0 Domestrc Well Data 
a Other Ta~fvam’rwrc~c 

Page of - -- 

case Y 

BY= , 

Type of Sample 

m Low Concenttatlon 
C High Concenttauon 

B 
Grab 
Composite 

5 Grab - Comporltc 

Observatlonr / Notes: 

I I 
Date Sntooea I I 

Tlme s~l0wQ 
. .- 

I.40 

I I 



wIBm(‘)N NU4J SAMPLE LOG SHEET 

EnVb-IZd Co~tin 0 Monltortng Well Data 
8 &yc Well Data 

T&lP@PISR y &bLL 

Page of 

Care I 

By- 

Project Site Name f%@ff’PGE flL m4’rE z Project Site Number / c/$3 

NUS Source No. jY- 6 - f? - 12 Source Location 50 1 3 

‘otal Well Depth: fi-9 

Nell Carmg Size & Depth: 

2y 5-/ 

itatlc Water Level: 5’t, 5 ‘3G> 

Me Casrng Volume: - 

itan Purge (hn.): /DO?- 
End Purge (hrs.): lu5c3 
rotal Purge Time (min.): 25 

rotal Amount Purged (qal.). s+ 
Wlonltor Readtng: 

3 

O,Vff’” 

Qrae Method: fiptbz/t 

iamole Method: I ’ 
3eptn Samoled: S9.j - 51’ 

iample Date & Time: 
I L-IO -*IL 1030 

Sampled By: 
G LU RkrlG + 

jIgnature 

Type of Sample 

B] Low Conccntratlon 

5 Grab - Composite 

Analvw I 2rerervative 

Sample Data 
pH I S.C. Temp. (OCI Color L Turbldlty 

G,@, I I’lc‘ II.3 mEJ HZ 
Observations / Notes: 

i 
I 

Traffic Rcoort 8 I 

Orgrnx I :norgamc 

I , 

I Volume 
I 

2% w-c 



wIBm()N NUS SAMPLE LOG SHEET 

Enviraww copdn 0 Momtonng Well Data 
0 Domestx Well Data 
0 Other (7frvSltrfi ~?LANK 

Page of - -- 

Case Y 
- 

BY w 

Project Site NamcBhTIt p~k,E /+I-% 0 R”c 

NUS Source No. BP-G -K-R64 

Total Well Depth: - 

Well Casing Size L Depth: 
- 

Project Site Number RF3 .- 
Source Location F ( (FL r3 

Static Water Level: - 
One Caring VoIumc: - 

Start Purqe (hrs.): - 
End Purge (hrs.1: - 
Total Purge Time (mm.): - 

Total Amount Purged Igal.). -r 

Monitor Reading: 

Purqe Method: - 

Samole Method: - 
Deptn Samoled: - 
Sample Date L Time: 
J&IO .VL //(JO 

Sampled By: 

f%dAnSxTL 
Signature(s) 

~7&-2.- 
Type of Sample 

q Low Concentration 
0 High Concentration 

R 
Grab 
Comoosite 

13 Grab - Composite 

Sample Data 
pH I S.C. Temp. (OC) Color 6 Tur\ L 

I I 

Dbservatlons / Notes: 

oz ~,o pcL/R/O -lMzOc) Gt+ @A/LL-C /A/TO 

, - 

frrfftc 

fr9 8 

Volume 
I 2s WB-e- I 



wIBm()N NUGJ SAMPLE LOG SHEET 

Enhnmew ‘*Town 0 Monltorlng Well Datb 
0 Domcstx Wall Data 

Page of 

case Y 

Protect Site Name BE~I%G F- Q(Z QnksC lr, Project Site Number 101 5 3 

NUS Source No. Of’--& -e-l ‘3 Source Location 50 13 

‘otal Well Depth: 9’ 

Yell Cdslnq Size 8 Depth: 
21@ - 

Gy r 
I 

,tatlc Water Level: 5-i. !F 

Me Carhnq Volume: - 

:nd Purqe (hn.): - 13 CtT 
‘oral Purge Time (mm.). +j@ 

‘otal Amount Purged fqal.)~ Bc& 
nonttor Reading: 

rg0pp-r 

‘urge Method: BAILF/L 
,dmole Method: ‘( 

)eDtn Samoled : 9.5 - cy ’ 

Iample Date 8 Time: 
12-IO-‘72 /w5- 

iampled By: 

ilgnaturets) 

Type of Sample 

m Low Concentrat4on 
C High Concentration 
a Grab 
0 Comooslte 
E Grab - Composite 

Analysts 

VCk> 

I 

Purge Data 

Volume I pH S.C. I Temp. (T)( Color 6 Turbtdlty 
I I I 

Sample Data 

DH 1 S.C. I Temp. (OC) Color & Turbtdlty 

lx I 7 - 7 pi-0 If, +.- 
Observatlonr / Notes: 



HALLIBUR~ON NUJ Environmental 
Corporation and Subsidiaries 

CLIENT: FILE NO.: 
\953 &Fs 

SU0JECT: B&ri+~E -%ldDZ 64 SAHPws 

STANDARD CALCULATION 

SHEET 

BY: 

Es 3-23-33 PAGE \ OF \ 

CHECKED BY: DATE: 

5kwY?dq ; Q3- II -33 To 03-14-931 

QA/QC 
TR\f BL3HJIC5 : 3-l\ -93 
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3-b-93 

3-I-l -93 

3-18 -33 
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P 

: j 

\ 

6 

r- 

~~~UR'J'j)NNUS SAMPLEtOG SHEET 

W EnVhmd CoWdn 
of 

a Mbfiif&ng Well Oati 
Paw 

0 Domcnrc W&l Data Cart’ Y 
0 Other 

By EC . 

Project Site Name gm-4 Q&e Project Site Number i=a 

NUS Source No. Bf - 6 - 2+5i- @Z Source Location wz4s 

Total Well Depth: S$, 2 ’ TPJc 

Well Casrng Site & Depth: 
4” PVC 9L2‘ 

Statrc Water Level: 53,*3’ TQyc 

One Casmg Volume: 354 /\2 9 
Stan Purqe (hn.1: \sss 
End Purge (hn.): lb23 

Total Purge Time (mtn.): Ib t4fhj 

Totsi Amount Purqed (gal.)- 22 Q 

Monitor Readtng: - 

Purge Method: Ss Bki@Leq 

Samole Method: $5 &&aA 

Deprn Samoled: %,rl’ TIJC 

Sample Date &Time: 
03- JI-93 Iti 

Sampled By: 
(-lr 

Slgnaturefs) 

Type of Sampie 

l2f Low Con&ntratton 
cf Hugh Concentration 

8 
Grab 
Comoostte 

U Crab - Composltc 

I (. 

I 

1 

Sample Oata 
pH I S.C. 1 Temp. (OC) I Coiof 6 Turbtdity 

3 26 -l-Ad Iit 
I I 

lbservatlons! Notes: 

! I 
I 

Date ShlOOea I 
Tim+ ShroMd 

I 

Volume 

1 

---.. .--._ -_.- ---- - _.-~- 



~HALLIBURTON NUS SAMPLE LoC SHEET -i b.,, 
rcr ~Eiwimmte~Corpotation rage- or - . 
w Moneonng Well Data 

&I ’ 
Domtstlc We11 Data Cast t 

444 
0 Other 

By E& 

Pro~cct Site Name BEWPAGE Project Site Number 
NUS Source No. W-6-24-5-@z Source Location 

Total Well Depth: N It00 Purge Data 
Well Camg Size & Depth: Volume I pH I S.C. Ilcmp. K)j Color &‘Tu!btdit 

(One Castna Volume: M 7U CIA I 2 

nd Purge (hn.1: 
‘otal Purse Time (mtn.): 

Total k&i Purqed /qal.)* 

Momtor Readmg: 

Purqc Method: %0+ieaS %&uG& 
Samole Method: SS f%LeR 

Deotn Samoied: Sg’ 
Sample Date & Time: 

03-(b-93’ WI-5 

Sampled By: 
ez 

Stgnature(s). 

a Low Concentratton 
c] High Conccntratlon 
h9 Grab 
0 Comtiosltt 
D Crab. Com’positt 

Analysis Preservattve 

0 -J-ii WA 4“ *w 

A0 * ! 
Dote Shtoow I I 
fimcr ShtoMQ I h 



pmwIBuIyIION NUS SAMPLE LO6 SHEET 

w EnVbOnmentol CofPoration aMon!tormg Well Data 
Paw. of 

0 Domcstrc Well Data Case C 
l 

0 Other 
BY ee 

Project Site Name p?el+l PA&3 Project Site Number \953 
NUS Source No. BP-6 - 241% - d2 Source location IN 24 11 

(07iL~ ’ 
Total Well Depth: 159 ” Lq5 

Well Casing Size L Depth: 

T’ NC -159’ 

Statfc Water Level: 51.79 I 

One Casrnq Volume: 70 qd 

Stan Purge (hn.): 0926 

Purqe Data 
Volume pH Temp. K) 1 Color &Turbldity 

0 /O.i07 ;I: il.5 1 CLCkr. f-Vd 

t $~a0 145 IL.&7 T&J M&D/ad 
7#97 /to I/. 2 c-u&L LOU, 
7. cp3 fZ5 if. 9 , ’ ,. 

End Purge (hrs.1: 6938 
Total Purge Time Imrn.1. I B - 
Total Amount Purqed (qal.). ZCO& I 

Monltor Readmg: I /-- 

Purqe Method : %A&@?2 _ f%J@ 

Samote Method: 55 @\@A / I 
Deotn Samoled: St* so 
Sample Date & Time: Sample Data 

3-b-33 lvofi pH 1 S.C. I Temp. (%I ! Color & Turbldlty 
Sampled By: 

t32 

Slgnatureis) 

$JJ-$Lb 

Observations I Notes: 

fd 

t I 
I 

Type of Sample 

m/Low ContentratIon 

5 Grab - Composite 

Analysis 
TCL \r@ A 

Preservatrve 

&y ’ 4” 

*1-hd24?: 1 

I 
I oqanlc I :norgrncc 

Traffic Rcoon a I I 
Tag 8 

Volume 
I 



wmmNm NW SAMPLE LOG SHEET 

*‘*- coax’ c$ Monltonng Well Dew 
Pa@e of 

0 Domestx Well Data Case # 
. 

0 Other 
BYEn - 

Project Site Name &~-v-l PMiC Project Site Number 1953 
NUS Source No. W-c\- 2412 - $2 Source Location 

btal Well Depth: lb0’ 64s 

‘cl1 Caung Size 6 Depth: 
4’ plc 1630 ( 

atlc Water Level: 51.* 

an Purge (hn.1: 1 I 3s 
rd Purge (hrs.1: IlSb 

Btal Purge Time (mtn.): 2 I fwl6.J 
jtal Amount Pureed fqal.1. 21 &,.,i 

, 
onltor Readmg: - 

urge Method: j&4 a pL4C 

lmole Method: 55 i?!, IL~X 

ptn Sampled: 54.50 

ample Date 6 Time: 
j-lL-9,2, (2% 

Impled By: 

gnatureis) 

Type of Sample 

Low Concentration 
High Concrntrauon 

a Grab 
0 Composite 
0 Grab - Composite 

I TUW kqbbd 
I 

I 

I 

Sample Data 

PH. S.C. Temp. (OC) Color 6 Turbl -1 

7aQ L2Q /iA- Cl&~ LA 
Observations! Notes: 

PA&dq 
OJ- 

/- .-_ _----- 
f 

ttwL2 
,o 

jr4 4 
-c”d 

e 

%o 
lbrc)eCe 

Volume 

1 



SAMPLE LOG SHEET 
Page of - - 

ti vonrtonng WetI Data 

a DOmestIC Well Data 

a Other 

Case rY 

BY 4% 

HALLIBURTON NUS SOlJfCQ No. W-6 -27s -gz Source Locaaon &-hWS 
Total Well Deoth: 

Well Casing Sire and Depth: 

I PUrgQ Data 

1 OH 1 S.C. 1 TQmo.(‘C) 1 
7 

t 

‘lolume Color & Turbldlty 

I 1 I 1 I 
I 1 1 I I 

I I 

, 

Static Water Lever: I 

One Calm9 Volume: I I I 

Start O,:-oe (hrf ). 

End Pur9e (hrs ): I I I 
Total Pr;-9e Time cmm ): I I 

Total Amount Puraea (gal.): I . 

Monnor Reaomg: I 

I I I I I , 

Purge Nletnoa: 

I 1 I I 

! I ! ! I 

Samole IVletnoa: 

Deotn Samowa: 

I I I 

Sample Date ana flme: 

03-11-33 
Samowa By: 

Samore Data 

39 I ZC Temo. (“0 Color & Turbldp 

Stgnaturers): ObrervatlorwNotes: 

1 1 \ 

I Type or Samwe 
r- - Low Concentration I 

wa_L Do./ : 

c +9h Concentratton 

L Grao 
C Comooslte 
i Grao - Combcs.:e 

1 . 
-naws 5 I Se esewat.ve I 2:qantc I lnorganlc 

I 

Trafftc Reoorr = I 

Tag * I 

; 

I 

1 A6 l I 

I 3ate Shlooea 1 
t 

1 Ttme Shlociea I 

I I 

I 
Lab 

I I 

I Volume 
I I 



SAMPLE LOG SHEET 

t;” WIBmTON NUS 

~~~~ Environmental Corporarion 
s Monitoring well Data 

a 3omesw Well Data 

a Other 

Page - of- 

thW# 

BY 

~l.01iC _ .- - -- *;;*ys Rf=rnQAciE 

HALL:BURTON NUS Source No. 

Project Site NumDer 135 3 

Source Location j+id275L 

Samore Date ana Time: 

03 -19433 1130 
Samoiea By: 

fl- 

Slgnaturets): 

t&J---- 
_~~ ~ 

Type of Sample 

5 
:ow Concentratron 

Qlgh Concentratton 

1 
& Grao 

C Comoowte 

I ‘, Grao - Comooslte 

Oroanic I lnoraanx 

Traffic Reoom l i 

Tag (c 
I 

1 AB * I 

3aKe Shtooea I 

Ttme Shlooea I 

i Lab 

Volume 



Samole Dare ana Time: Srmole Oata 

03-r\ -93 3+ I CC I femo. (“0 
I I Color & Turbtdltv 

SAMPLE LOG SHEET 
Page - of- 

:gb WIBmTON NUS ti Monitoring Well Data Casey 

\qg Environmental Corporation n Domestlc Well Data 

[7 Other BY 

:roJe” : 1: ::;a72 fi5nkfPe?E Project Site Number 1953 

HALLIBURTON NUS Source No. Source Location t-‘-d 28s 

smg Sire and Depth: 

Samoiea By: 

c I I 

Slgnaturecs): ObservarconvNoter: 

Type 07 Samole 

E 

Low Concenfratton 

Ylgh Concentratton 

- Grao 

6 c omooslte 

E Grao - Comoortte 

A,ld,VSIS ‘ J*eservatwe 

I Traffic Reoorr - 

Tag r 

Orqantc lnorgantc 

1 Date Shlooeo I ! 
I ) Time Shrooea I I 
I I I 

I 1 Lab 
I I 

Volume I I 



WJjiJmN NUS SAMPLE LOG SHEET 

“M-d coptin g Monltonng Wall Data 

. 8 ~;stx WeI1 Data 

Page of 

case I@ 

Project Site Name 6tzru f%L Project Site Number 1953 . 
NUS Source No. 64-G-2031 -62 Source Location wzgr 

‘otal Well Depth: r41.5 mc 

Yell Castng Size L Depth: 
9” 436 14l.S 

ltatlc Water Level: 8‘V?s Ta 

Inc Cawnq Volume: 57, S qoQ 

,tan Purge (hn.1: \w 

ind Purge (hn.1: 1200 

‘otal Purge Time (mm.): I k zclruc* 

‘otal Amount Purged (qal.)-rY 135 

donator Readmg: 

‘urge Method: Su6F(. Qwf’ 

lamole Method: 55 f341@& 

Ieptn Samolad : % b 1 ’ feJc 

Iample Date L Time: 
m-II-93 \22 s 

iampled By: 
ts 

ilgnaturt(s) 

Kf 

Type of Sample 

Low Concentration 
0 High Concentration 

B 
Grab 
ComDosltc 

0 Grab - Compostte 

I 

I 

I 

Purge Data 

Volume 1 pH S.C. Temp. (Y) I Color & Turbid& : 
0 Ii.45 580 9.7 I Crahc Wd 

\ \l.Zh fm IO& ~TL’I CLoccOY cod - 
2 we iv 210 3.9 LT. ThJ 
3 - - 

Sample Oata 
PI-4 S.C. Temp. (OC) Color 81 Turblc I 

9.28 206 l0.b LT Td MED -l&d 

Observations! Notes: 

Volume 

I 

- 



WJBUR’J’ON Nus SAMPLE LOG SHEET 

En*IZmenfUf Commn a Momtonng Well Data 
0 Domcnrc Well Data 
0 Other 

Page of 

Case I 

BY fx 

Volume I pH I S.C. (Temp. <%)l Color & furbdity 

PtopCt Site Name Bmti)AsR 

NUS Source No. BP-E\-295~$52 

Total Well Depth: so .zo -TPg)L 

Wtii Casing Sire Q Depth: 
q’ PVC ‘30120 

Static Water Level: $9 49 
One Caslnq Volume: 2 Q 

Stan Purge (hn.1: 11% 

End Purge (hn.1: II 55 

Total Purge Time Imln.1. 2Q~d 

Total Amount Purqcd (gal.)* b # 

Monltor Readmg: _ 

Purqt Method: S.5 f?Aia 

Samok Method: % fiklLp rt 
Dcotn Samoied: 50’ 

Sample Date 6 Time: 
QLR c.3 - I 2 -93 12cs 

Sampled By: 
cc 

SlgnatureW 

f? 

Type of Srmolt 

ti Low Conctntratlon 
9 Hugh Conctnvatlon 
a Grab 
0 Com~oritt 
0 Grab - Compowte 

Purqt Data 

Project Site Number 19s3 

Source Location t+-bJ 295 

1 I 
I 
I 

I I 

Sample Data 
pH I S.C. ! Temp. (OC) ! Color 6 Turbldtty 

79 64-O ! 3.7 -ad V,t)c6,cI 
Obrtrvatlons 1 Notes: 

I of9mlc morgmw 

Trafftc ReDOn I I 

I Lao 

I 

Volume 

I I 



Project Site Name fuzrtwkE 

NUSSourccNo. v-6- 291 -#2 
- 
7 

\r 

Project Site Number \353 
Source Location IhI 291 

‘otal Well Depth: \33 TfQc Purge Data 
Nell Casing Sire L Depth: Volume pH I S.C. Temp. (X) 1 Color & Turbldir 1 

Y’ pc \33 ToJC 0 It.7 6 I200 Il.0 Lou3 

itatlc Water Level: 4J7.49 I II ,92 ‘900 9,b cl TbJ Il. UJU~ 

he Casing Volume: *) w S6.5~ 2 10~70 2&o 8.7 ChlAc To SLTy La& ,- 

itan Purge (hrs.): \ 2s 3 lo *oQu 25s 1018 ! 

S 
C 

5 
E End Purge (hrs.1: 1445 4 1 ro.14 220 lo,b I 
1 ‘otal Purge Time (mm.): Zk 20-1 4.s I fo.17 210 fO.$ V 

7 ‘Otal Amount Purqtd (gal.)* * %234 I 
h Aonltor Reading: - 

I 
P ‘urge Method: SI&N& r’4Lfi@ 

S 
c 

5 Iample Date & Time: Sample Data 
0.3 -I2 -93 14s pH I S.C. ! 

- 
Temp. (OC) ! Color L Turbc - 

43 mJBUR’J’()N NUS SAMPLE LOG SHEET 

En*-I& ‘OFAn g Momtonng Well Da- 
Page of -, 

. 0 Domesw Well Datr 
(3 Other 

Case Y 

BY = 

5 lrmpled By: 
d: 

s llgnaturc(s) 

IO-17 1 210 I IO18 
I I 

1 Obstrvatlonr / Notes: 

NO DQfwMkJhJ 

Type of Sample 

% 
’ Low Conctntratlon 

~ ::9,“, Conctntrauon 

0 Composltt 
0 Grab -Composite 

d Pnalyrlr 

TCL V0.A 

Prtservattvt I 
I 
I Ofprnic I moqmc 

4’ Hcc Trrff1c R~aefl I 

tag 0 

Volume r 
I 

. 



. 

m Monltormg Well Data 
0 Domcnrc Wall Data 
0 Other 

Page of 

Care 4 

BY % 

Project Site Name t-$m-tP~~ Project Site Number lYS3 
NUS Source No. BP-Q-DlkPl-gjZ Source Location ~29~ 

‘otal Well Depth: 

Yell Casing Size L Depth: 

Itattc Water Level: 
lne Casrnq Volume: 

)tart Purqe (hn.1: 
!nd Purge (hn.): 
‘otal Purge Time (mm.). 

‘otal Amount Purqed (gal 1. 

Jonltor Reading: 

‘woe Method : 
barnote Method: 

leptn Samoted: 
iample Date & Time: 

iarnpled By: 

hgnatureis) 3bservatlons / Notes: 

Type of Samole 

[3 Low Concentration 
8 ;lg; Concentrauon 

0 CZnoortte 
0 Grab - Comporlte 

I 
I 
I 
I 

I I I 

Sample Data 
pH I S.C. Temp. (OC) Color & Turbrdity 

I 

Analyws 1 Preservattve I I Orprnlc I morgancc 
Trrfhc boor( I I I 
119 0 

I I I 

I Volume 

I 



. 

&U&BURTON N(JS SAMPLE LOG SHEET 

En3@V-ti “prrrtian a Monttonng Well Data 
0 Domestrc Well Data 
a Other 

Page of 

Case # 

ht ix . 

Prolecc Site Name &?m P&E Project Site Number 1953 

NUS Source No. w-6-23p+2 Source Location Hi4290 

‘otal Well Depth : 2221’ mc 

lvell Cartng Size 6 Depth: 
4” Pi/c 22r 

itatlc Water Level: 47 B @8’ TPk 

he Carrnq Volume: 113 64~ 
itan Purge (hn.): 092G 
ind Purge (hn.1: II 24 
‘otal Purge Time (min.): I h !jje RId 

‘otal Amount Purged (qal.1. ~3jo-d 
” 

Jlonltor Reading: 

‘urge Method: Su&4. PUP 

lomole Method: 55 BalaP, 
)eotn Sampled: * 40’ 

iample Date 6 Time: 
c3 - 12-93 124s 

iampled By: 
a- 

ilgnature(s)’ 

rvA-- 
r 

Type of Sample 

a Low Concentration 
i ;lg; Conccntrauon 

0 Cinoosite 
0 Grab -Composite 

Pnalysrs 
rcc 40% 

1 3reservative 
I+- t Hce 

I 

I 

Purqe Data 
Volume pH I S.C. Temp. (Y) I Color & TurbIdi* 1 

0 7.6 I l&70. IOa I UfuwL Lot.4 
I 7,lS 140 IO.5 I I 

I L.Eo \30 I 902 I 
w 

2 I 

m 
I 

I 
. 

I 

Sample 08tr 
._ 

pH I S.C. I ’ Temp. (OC) I Color & Turbla 
1 

I CUA-C 

Observations / Notes: 

I 
I Orprntc I morgrnlc 

Traffx Reoon I, I I 
Tl9 0 

I 



wIBUR’J’j)N NUS SAMPLE LOG SHEET 

Environmentai Cow&n $’ Monknq Well Data 
0 Domcstrc yr/ell Data 
0 Other 

Paw of 

Case Y 

Propct Site Name BETttfW Project Site Number -3 

NUS Source No. &?-$ -4-0s -62 Source Location w405 

‘otal Well Depth: 59’ rot 

well Castng Size 8 Depth: 

4” Qdc 59’ 
itatlc Water Level: So. 50’ 

lne Casing Volume: k g4 

itan Purge (hn.1: 1505 

ind Purge (hn.1: l&IO 

‘otal Purge Time (mm.). /w 5-A 

‘otal Amount Purqed (gal 1. /8& 

Jlonltor Reading: 

‘utqe Method: SS b’/ti 

larnole Method: 3 5 &,w /w 

)eotn Samoled : 51’ 
iample Date & lime: 
03 -17-93 1620 

iampled By: 
Mfi 

iIgnaturc(r) 

Type of Srmole 

181: Low Concentratron 
8 ;lg; Concentration 

0 CZoo*lte 
0 Crab - Comporlte 

I 

I 

Purqe Data 
Volume 1 pH 1 S.C. Temp. PC) 1 Color 6 Tutbldity 

1 I 5lO bZS o-0 1 TM M’ 

I 5.25’ 385 8.2 1 ** I# 

2 4-93 259 If,/ I #’ . ‘ 

PH t S.C. 

- ( 
- 

Sample Data 
Temp. (OC) 1 Color 6 Turbldlty 

- - 

Ibservatlonr ! Notes: 

c 
i4q v sluk) 

I 
I Oqmc I morprntc 

rrafflc QCOOR 8 i I 

Volume 

I 



4iD 

wJijm()NNUS SAMPLELOG SHEET 

EnkVnmIl&f comtin a Monttormg Well Data 
Page of 

8 ;;;st~c Well Data Case I 
. 

ev 02 . 

Project Site Name l3m-l ?A& Project Site Number 1353 

NUS Source No. BP- c-401 -@z Source Location W4oT 

‘otal Well Death: ha’ 70~ 

Nell Casmg Size 6 Depth: 
4/p&c /I8 

‘otal Purac Time (mm.): -2 

‘otal Amount Purged (gal )*&#&. 

4lomtor Reading: &/tiqJ 

‘urge Method: $ti &J+ 

iamcle Method: & &I/ 
)eptn Samoied: 5/ ’ 
iample Date 6 Time: 
03 -r7 -93 1bro 

iamplcd By: 
titi 

jignature 

Type of Samole 

@ LOW Conccntratlon 
8 ;flg; Concentration 

0 Ckorlte 
0 Crab - Comoosite 

fl 

Purge Data 

Volume 1 pH 1 S-C. ~Temo. POl Color & TurbIdiT 1 

Samok Data 

PH 1 S.C. Temp. (OC) Color & Turbr L 

I- 8.35 If0 t/,3 J 
87 Jw 

Obrervatlons I Notes: 

I 
Vobumr 



UIBUR’J’ON NUS SAMPLE LOG SHEET 

EnVkD~entol co~dn @ Monltorrng Well Data 
0 Oomcstlc Well Oatr 
0 Other 

Page of 

Case # 

BY = 

Pfopct Site Name ~~flQA+ Project Site Number 1353 

NUS Source No. ~P-6-DkP2-#2 Source Location *I 

Low Conctntrat~on 



SAMPLE LOG SHEET 
Page - of - 

ft” WIBmTON NUS. 

8yy= Environmental Corporarion 
a Monitormg weI1 Data 

0 Domesuc Well Data 

jJ Other 

QW# 

BY 

- _- .a--- 
iioJ;c- .- ..U..*i &ET/ k&E Prolect Site Number 1953 

HALLIBURTON NUS Source No. #W&-4/$-02 Source Lootion tier 1 
, 

Total Well Deoth: 5x- Purge Data 

Well Casrng Size and Depth: ‘Jolume OH I S.C. Temp. (‘Cl Color & Turbidity 

4’ - 5s’ z/r/i* 320 I 300 /AS 
1 

bmm / v 7u~hd ! 

Stattc Wafer Level: 41. /o /i 7 s/3 1 2& /kr 

I so? I 2;: /f-G 

&&&l/j / tJ c/kKfy 1 

One Camq Volume: /o 6.4L 2nd &wn / c..dd~ 

Start J-roe Cnrs.): /OOZi 3d 1 &O.J? I 240 /I* q 17 A!hru/, / CjLwfY 

Ens Pvac (hrx): /O/O I I 

Total Amount Purqea (gal.): 

Monitor Reaamq: 

Sam0.e 3rte ana Time: 

Slgnarurecs): 

Tytae 01 Samwe 

3 
Low Concentration 

wgn Concentratton 

: Grao 
z Comoostte 
1 Grab - Comooslte 

Samole Data 
1 

3b I CC I Temo. (00 I Color & Turbldltv 

I i 

1 ae* I 

Date Shtooea I 

Time Shlooea I 

1 Lab 
I 

I I Volume 



SAMPLE LOG SHEET 
Page - of - 

a* Monitormg well Data 

0 Domes% Well Data 

a Other 

Case C 

BY 

” 
VfOJic _ __ 

* -- .:;,yz 
&7-H /cT46E 

HALLIBURTON NUS Source No. &P-6 - 4/r- 02 

Project Site Number /?r-i 

SourceLocauon N/u . Y/Z 

Purge Metnod: Avb /+i 413 

Samole Metnoa: A&/;(/2 

Deotn Samolea: 50 

I Samole Date ana Time: Samole Data 

3-12 -73 /oa- 2- ! cc Tern o. (“0 Color & Turbldltv 

Samoiea ay: p ,vz?nbS~ 
p /.JU/J 5.41 1 300 /O,l CL / IN 

i 
SIgnatureis,: ObservatlonvNotes: 

Type or Samole 

3 ,ow Concentration 

c -clgh Concentratton 

2 Erao 
_ Camooslte 

<*a0 - Comoosce - - 1 -- I 
;4WlVi*S I ‘* esewarive I 3roanlc lnorganlc 

/lc9*‘6 ! //CL 9’” Traff Ic ReooR = 

I , Tag t ; I 
I I 
I 1 as * I 

Date Shlooea I 

Tome Shlooea I 

I 

I 
Lab 

I 

I 

I 
Volume 

I 



SAMPLE LOG SHEET 
Page of - - 

~!iMALJJBURTON NUS ; D”;;c+;;;;~; 
8~1= Environmental Corporarion 

0 Other 

ciU# 
BY 

?I’G,iC _ .- - -- *;;.f.s Project Site Numwr /%3 

HALLBURTON NUS Source No. Source Locauon 4425 

Slgnarurew: ObservatlonvNotes: 

:yDe of Samme 

i-- ~ 5 
;ow Concentration 
wcgn Concentrakn 

g Grao 

r Comoostte 
1 Grao - Comooslte 

;nalvs*s ! Jveservat.ve I Oraamc I InorganIc 
, 

1/&.4 I //CL ff“ Traffic iteoon - I 

Tag f I 

Date Snrooeo I I 

Time Shtooeo I 



SAMPLE LOG SHEET 
Page - of- 

&” wIBmT()N NUS a Monitoring Well Data 

81111 \lg Environmental Corporation 17 Domestlc Well Data 

0 Other 

:roJic : 1: ::;,zz &rH &6& Project Site Number 

*r 
HALLBURTON NUS Source No. BP-L-W02 Source Location 

Total Well Deoth: W//OI Purge Data 

Well Casmg Stze ana Depth: ,,0 ‘:orume 3H 1 SC Temo. (“c) 

y” ad 20 , A.4 L //E+r I /on0 /b-/ 

caK# 

BY 

/9s3 

lfd4zr 

Color & Turbidity 

/CA” 4 
Static Water Level: 5.J 49 
One Casing Volume: 37 W 6.sL 

Starr Purae (hn.): 0920 

End Purge (ho.): olrs 

Total Purae Time (mtn.): 25 

Total Amount Purgea (gal.): /fO 

Monlror Reaamg: - 

Purae Method: s&. /y.wp 

w ic 

Deotn SamDlea: LO ’ 

SamDIe Date ana Time: 
Y 

-7 -/7-y3 /Pa0 

Samoleo By: /t7 /nE/vczF~ 
p fl9d/J 

Slgnaturels): 

pzz&sr 

I c Urao - Comooslte 

Samole Data 

Temp. (‘Cl 

I fo. 0 
Color & Turbtdltv 

I 

I 

ObservatlonvNotes: 

3rganic I Inorganic 

Traffic ReDoR - 
/ 

Tag * 
i 

I 
AB * I I 

I 

Date Shc)oea 

Tfme Shlooed 

1 Lab 

Volume 
I 



ROBIN NUS SAMPLE LOG SHEET 

Environmenta( co~ration a Monitoring Well Data 
0 Domestx Well 08~ 
0 Other 

Page / of / 

Care # 

BY 

Project Site Name ,&ZY4?+6E 

NUS Source No. /2/u Y3f 

Project Site Number 
Source Location 

rotal Well Depth: 153 ’ 

tie11 Casing Size L Dzpth: 
Y /5.3 ’ 

Static Water Level: S8.00 

3ne Casing Volume: L/*1 6aL 
Stan Purqe fhn.): /30 8 

End Purge (hrr.): /so 0 
rotat Purge Time (mm.): 120 

Total Amount Purged (gal.)* 185 

klonttor Reading: 
/mu - AlONC 

Durae Method. stidme~~,b/r A.& 

Samok Method: sS b.+,k 
>eptn Samoled : 70 N 
ismplc Date & Time: 

s..L /r-l /s/p 
jdmpred By: rVt@fl A’/C@b+u/N 

/?A’& ,cIc/16d 

Type of Sample 

Ca Low Concentration 
s ;lg; Concentration 

G CZnooate 
E Grab - Composite 

2reservatrve 

I i I I 

- 
Sample Data 

pH 1 S.C. I - Temp. (OC) Color 6 TurbIdIt, 

/ho0 ! 3/Jd /7 r Ck49~ 

Observations J Notes: 

I 
Orgrmc I morgrmc m 

frafflc Reoon # 

I 
A0 * I 
Date Snloow , s/c?c/F 3 w 
Time Shooed 



SAMPLE LOG SHEET 
Page - of- 

a vonitormg weI1 Data 

q DomestIc Well Data 

/J Other 

Case R 

BY 

-_ - _- .I__ .7lOJiC _ .- .o...z &rfi PAaLE Project Site Number /%I 

HALLBURTON NUS Source No. &Q-&J -L?s6S - 02 Source Locmon USGS wecc 

Total Well Death: 66 ’ Purge Data 

‘/olume I OH 1 S.C. 1 Temo.(Y) 1 Color 8 Turbtdity . Well Casing S:ze an6 Depth: 
2” 6-G i 

Static Water Level: 4/5.OC 

One Carmg Volume: 4 
Sta- O-q*ae fnrs :’ /3ss 

End Purge (hn.): /97/30 

Total Puroe Time (mm.): 3s 

Total Amount Purged (gal.): /r 

Monitor Reaatng: - 

Puroe Mletnoa: 5s &U/L 6~’ 

Samole Metnoazs A4 /L c-< 

Deorn Samoleo: GG ’ 

Samole Date ana Time: 

,3-/-p- 4.3 /43s 

Stgnaturccs): 

Type of Samoie 
Low Concentrauon 

wgn Concentration 

z ,Grao 
C Comoosrtc 
z Grao - iomooslte 

1’ 
Oh I TC 

(pUJ0 \ccoo 

ObservarlowNotes: 

Samole Data 

Temo. (“0 

1010 

Color & Turbldrtv 

V-H-K,& 

rraffcc Qeoorc - I 

Orqanlc Inorganic 

1 

Date Shlooea 

flme Shlooeo I 

Lab 
I 

Volume 
I 



. 

wmmsON NUS SAMPLE LOG SHEET 

EnVkW18n!81Zd co~dn 0 Monttonng Well Data 
0 Domestx Wall Data 
$I Other TR1Q WI; 

Page - of 

case c 

ev fx . 

Project Site Name &== Iwe Project Site Number \953 

NUS Source No. -lRIf l3uwr a3 - 11-S source Location FRoH LA?5 

7 

v 

5 

i 

( 

5 
E 
1 
1 

‘otal Well Depth: NA Purqt Data 

Nell Casmg Sire 6 Depth: 
I 

Voiume 1 pH 1 S.C. Ifcmp. (YII Color (L TurbIdit r 
I I I I 

irmple Date 6 lime: 
@j .. I l-553 Ff?mLAq 

irmpled By: 

jIgnature 

Type of SrmoLe 
Low Concenuatlon 

L3 

High Concentrauon 
Grab 
Composite 

(3 Grab - Compoute 1 I- I 

pH S.C. 
Sample Oatr 

Temp. (OC) Color 6 Turbr 1 

>brervatlons J Notes: 

03-Ii-43 

I 1 Ofaanrc I wsoraarw Analysts 
-kc IJIM 

- 
I Volume 

I 



, 

wIBm()N NUCJ SAMPLE LOG SHEET 

EnB@X3-IZ@ Cow&n 0 Momtorrng Well Data 
0 Domcnrc Well Data 
a Other t&f 60&K 

of Page 

Care Y 

BY - 

Ptopct Site Name aa4 f%e Project Site Number (353 

NUS Source No. q2IP f$4NlL a3-It-93 Source Location -E?=oMlJv3 

‘otal Well Depth : PI* Purqc Data 

Nell Casmg Size 6 Depth: Volume I pH I S.C. Temp. PC) I Color & Turbidity 

I I 

ind Purge (hrs.): 

rotai Purge Time (mm.). 

rotal Amount Purqed (qal I* 

ulonltor Reading: 

‘urge Method : ,/I 

iamale Method: 
>eotn Samoied: 1T 

iample Date L lime: Sample Data 
G3-12-53 l=ROk Likg pH I S.C. Temp. (OC) Color 6 Turbidity 

jampled By : 
EK I I I I 

jIgnature 

f pm-- 
Type of Sample 

rd Low Conctntratlon 
‘0 High Concentrauon 

B 
Grab 
Comooute 

0 Grab - Composite 

I Observations / Notes: 

f&Q WK 

03 - \2-93 

Analysis 

-pb CPA 



WmUR’J’oN NUS SAMPLE LOG SHEET 

EnVkV-ti Cowtin 0 Momtormg Well Data 
IJ Dome%tlc Wall Data 
@ Other tp~p &&.JK 

Page of -, 

Case I 

BY Jx 

Project Site Name BE-N QA6e Project Site Number 1353 

NUS Source No. -l-R+ 6L&+L c73-lb-93 Source Location FRbMu4 

‘otal Well Depth: tdIF, Purge Data 

Nell Cartng Size 6 Depth: 
I 

Volume I pH I S.C. Ifcmo. (WI 
I I I I 

Color & lurbldit 1 

‘urge Method : 

iamole Method: 

ltptn Samoled: 
iample Date & lime: 
33 -lb -93 fmuckq 

Sample Data 
- 

pH I S.C. I Temp. (OC) I Color & Turblk , - 
iampltd By: 

irgnature(s) n Observations / Notes: 

Type of Samole 
Low Concenttatron 
High Concrntrauon 

0 Grab 
0c omoosite 
c] Grab - Composite 

Analysts 

-ccl VCh 

Preservatwe I 
I 
I Organic I mor9antc -- 

0’ Tr,ff1c r(.oon 8 

‘a9 8 



. 

~wIB~()N NUS SAMPLE LOG SHEET 

w EnvimnmenttJ Coqwmfion 0 Monttorrng Well Data 
0 Domesttc tieIt Detr 
@ Other TbP wt 

?a9e of 

Case C 

Ev Fn- 

Prolect Site Name ?&TH Mie Project Site Number \353 

NUS Source No. TQPWG 03-17-93 Source Location I=@44 f&L IA-%; 

‘otal Well Depth: ?JJh 

Nell Casing Size b Depth: 
I 

itaw Water Level: 

Me Casing Volume: 

itan Purge (hrs.1: 
Ind Purge (hrs.): 
‘otal Purge Time (mm 1. 

‘otal Amount Purqed fqal 1. 

tionttor Readrng: 

‘urge Method: I 
iamolc Method: 

lemn Samoled: J 

iample Date & Time: 
33-1.1-93 @CM vf-% 
Sampled By: 

bgnature(s) 

@L 

Type of Samole 

0 Low Concentration 
8 ;lg; Concentration 

0 &oo*ite 
z Grab - Composite 

I 

Purpc Data 

Volume 1 pH I S.C. ITem. POI Color &Turbidity 

t ! I 
I 

I 

I I I I 
I I 

I 

i 
I 

Sample Data 
DH I S.C. Temp. (OC) Color & Turbldtty 

) 

Obrervatlons / Notes: 

I 
I Of9w8lC I :norqantc 

rrafflc QQoort i 1 I 

I I 

Volume 

I 



wmUR’J’j’)N NUS SAMPLE LOG SHEET 

EnVhnmcd cophn 0 Monltonng Well Data 
0 Domwc Well Data 
m Other -l-Lap WCC 

Page of 

case cc 

Bv Ex , 

Propct Site Name i3a-l Pk4TJe Project Site Number 1953 -- 
NUS Source No. T-R\9 w r, 03 - 18 -93 Source Location G2Bu PAW 

‘otal Well Depth: Nh Purge Data 

Vcll Casmg Size L Depth: 
I 

Volume I pH I S.C. Ifamp. PC11 
I I I I 

Color & TurbIdiD 1 

)ne Casing Volume: 

Jonttor Reading: 

‘uroe Method : I I 

lamole Method: 

: 
Iample Date 6 Time: Sample Data 

03 -‘b 3 3 -w pH I S.C. I Temp. (OC) I Color L Turbo L 

iampred By: 
ca 

ilgnaturc(s) Observations / Notes: 

Type of Sample 

q 
Low Concentration 

b y?p;s=e~fltra~on 

0 Crab - Composite 

Preservattve 
” 

71h46wi- 03-m-33 

I 
1 Orpmc I :norgrmc 

Trrfhc Reoon l I 
- 

I 



mJ#mON NUS SAMPLE LOG SHEET 

EnVk-I& cowen 0 Monknng Well Data 
tJ Domestrc Well Data 
n Other TY?.I~’ &&wk 

Page of 

Case Y 

Bv - . 

Project Site Name &TH?A& Project Site Number 1953 

NUS Source No. ‘TRIQMic u3-13-23 Source Location i=Rmc f%cQ- -5 

‘otal Well Depth: NP ‘I 
Nell Casmg Size L Depth: 1 

;tatlc Water Level: / 

)nc Casmg Volume: 

itan Purge (hn.): 
Ind Purge (hrs.): I 
‘otal Purge Time (mm.): 

‘otal Amount Purge8 (gal.). 

~onltor Rcadtng: 

I 
‘urge Method: 1 

lamole Method: L 
kptn Samoled: V 

~amplc Date & Time: 
03-19-93 a&M l.Rf3 

jampled By: 
i3L 

5lgnatureW 

Type of Sample 
@ Low Concentfatlon 
0 Hugh Concentrauon 
m Grab 
0 Composite 
0 Grab - Composite 

Analysis 

CrcL JOP 

Preservative 

4 l C 

I 

Purqe Data 
Volume I pH I S-C. Ifemp. PC)( Color 6 Turbidity 

I I 
I 

I 
I 

I I I 

PH S.C. 
Sample Data 

Temp. (OC) Color 6: Turbidity 

I 

Observatronr / Notes: 
I 

~ Volume 

I I I 



. 

WmmNNUS SAMPLELOCSHEET 

EnVh-d “wwn c] Monltonng Well Data 
0 Domestx Well Data 
@ Other IwSbV 

of Page 

Case # 

Bv lx 

Project Site Name 0E~HW~ Project Site Number 1953 

NUS Source No. ge-c- Rei -@Z Source Location j2lasATe 

- 
T 
V 

5 
C 
5 
E 
T 
1 
n 

P 

s 

c 

5 

5 

s hgnaturcW Observations / Notes: 

w- 
Type of Sample 

P- Low Concentratcon 
IJ High Concentrauon 

El 
Grab 
Composrte 

0 Grab - Composite 

Analysis 
l-cc V@4 

Preservative I Oqmc I wioqamc 

l 4- Traffic Acoon l I 

la9 0 

Date Shtoow 

Time ShlooeO 

LJO 

I I I - 
I Volume 

! 

- 



paw of 

0 Momtonno Well Data 

Ptolect Site Name m Q&e Project Site Number I953 
NUS Source No. M-ti- P02 -j?k Source Location Qlo, SAT= 

Total Well Depth: NA Purqt Data 

Well Cwq Size 6 Depth: Volume pW S.C. Temp. (Y)( Color & Turbdity 
I 

One Caunq Volume: 

Stan Purge (hn.1: 
End Purqc Ihn.): 

I 
1 / 

Total Purge Time (mm .). 
i 

I I 

Total Amount Purged Igal )* I/ I I 
Monrtor Aeadlng: 1 

I/’ 

Purge Method : 4 

Samole Method:- TW.AA of, 661~4 I I 
Dtotn Samokd: t+Jh 

/ 

Sample Date &Time: Sample Data 

~3-12-93 I\39 pH I S.C. Temp. (OC) Color 6 Turbidity 

Sampled By: 
m 

Sqnature(s) 

Ia 

Type of Srmole 

Low Concentration 
Hagh Conccntrauon 

8 
Grab 
Combosite 

g Grab - Composite 

Observations / Notes: 

I I 

Anaryrlr 1 2reservattve I I Or9rmc I morgrmc 

72 VCP P dct Trafftc Reoon * I 

I ra9 I 
I 



WmmON NUS SAMPLE LOG SHEET 

EnViIW-d copdn 0 Momtonng Well Data 
a Domestic Well Data 
a Other kd 34T& 

Paw of 

Case # 

BY ER 

Project Site Name 6mt Pk3E Project Site Number lPS3 

NUS Source No. 63-G-R03-fdZ Source Location 

‘otal Well Depth: - Purge Data 

Nell Casmg Size L Depth: _ Volume I pH 1 S-C. ITcmp. <WI Color & TurbIdiF 

irmple Date & Time: Sample Data 
l?3-\(E 93 122s pH S.C. Temp. (OC) Color 6 Turbl i 

iampled By: 
5-c 

Signature(s) Observations / Notes: 

oJ&kk 
type of Samole 

a Low Concentration 

kit 
High Concentration 
Grab 

a Composite 
0 Grab - Composite 

Analyws Pfeservatrvc 1 Or9mc I morqrntc 

! %~voA ;p-tttcg ! ! Trrff1c ACoort 0 

Dare 5htoow I I 



Paw of 

Care I 

Project Site Name i&-W?&E Project Site Number m-53 
NUS Source No. 8?- 6 - AM- (8-L Source Location Rlm?-t 

‘otal Well Deoth: blA 

Nell Casing Size 6 Depth: r 

itatlc Water Level: I 

Ine Caring Volume: 
Itarc Purge (hn.): 

ind Purge (hn.1: 
‘otal Purqe Time lmv7.1~ I 
‘otal Amount Puroeo (gal )* 1 
nonltor Reaolng: 

Purge Data 
Volume pH S.C. Temo. PC) 1 Color & Turbidity 

1 

I 

I 

I ! 
I 

I ! 
I i 

I I 

‘urge Method : v I 

ldmole Mcthod:c\wect pnv /Iilk./ t I 
Ieotn Samoled: bJ& 

Iample Date & Time: Sample Data 
03-n-93 I b@O OH I S.C. Temp. (OC) Color 41 Turbldlty 
Idmpled By: 

fc 

irgnatlrre(s) 

if)& 
U’ - 

Type of Srmolc 

Obrervatlonr ! Notes: 

l&&Q thJ-- 

E Low Concentration 
* ;:g,; Concentration 

0 ComDositc 
0 Grab - Composite 



wJJjm()N NUS SAMPLE LOG SHEET 

EnvironmcntrJ ‘Omrrrtion 0 Momtonng Well Data 
&;y;stic Well Detr 

RtdJsk7e 

Project Site Name bETt4 PAhe Project Site Number 1953 

NUS Source No. &Q-G- RSS-fzfz Source Location I24 HS& 

rotal Well Depth: tiJh 

tieIt Casing Size & Depth: 

Static Water Level: 
One Casrng Volume: 
Start Purqe (hn.): 

I 

End Purge (hn.1: 
Total Purge Time (mm .I. 

Total Amount Purqed (gal.)* 

Monitor Readtng: 

Puroe Method’ V 

Samore Method:dwcfpcw -sldcfl 

Deotn Samoled: &rJh 

Sample Date &Time: 
OS-rG-93 i23a 

Sampled By: 
fx 

Signature(r) 

+&GJ-- 
Type of Srmole 

0 Low Concentration 

iid 
Htqh Concentrauon 
Grab 

0 Comooslte 
z Crab - Composite 

Preservawe 

4 I+% 6C 

t 

Purge Data -- 
Volume 1 pH I S.C. Ifefw. (WI Color & Turbid& _ 

I I I I 

Sample Data - 

- pH I S.C. Temp. (OC) Color 6 Turblk 

I_ 
Dbservatlons / Notes: 

volume 
I 



WIBuIyIlON NUS SAMPLE LOG SHEET 

EnVkJ-l14& comwn 0 Monltonng Well Daa 
$~~es~;Wel&Da~ 

t ar ns 

Page of 

Care c 

Bv e= 

Pto~ect Site Name zm ?%e Project Site Number \YS3 

NUS Source No. BP- 6 - UBb - fl 2 Source Location &w& 

‘otal Well Depth: e 
Nell Casing Size 6 Depth: Volume pH 

Purqe Data 
S.C. Temp. K) 1 

I 
Color & Turbidity 

itatic Water Level: 
2nc Carmq Volume: 

itan Purge (hn.1: I 
!nd Purge (hn.): 
rotal Purge Time Imrn.1. 

iota1 Amount Purqcd (qal.1. 

ulonttor Readmg: 

\r 
‘urqc Method: 

iamole Method: pow ti Ixu’r~ 

>tptn Samoled: tih 

irmple Date & Time: 
03-\955 Ill5 

iampled By: 
nz 

jIgnature 

<6-d- 
Type of Sample 

I 
Low Concentration 
High Concentration 

m Grab 
0 Composite 
a Grab - Composltc 

1 
I 

I 

I I 

pH S.C. 
Sample Oata 

Temp. (OC) Color 6 Turbldlty 

3bservatlons / Notes: 

I I 
Pre5ervatwe I Orprmc morgrmc 

4Q ltu Traffic hooR a 

119 8 

Volume 
I 



. 

wIBm()N NUS SAMPLE LOG SHEET 

EnVhn~ld “pdn IJ Monctortng Well Data 
0 Domanx Well Data 
a Other 6aco &+J)L 

Page of 

Case Y - 

BY 

Project Site Name 3 1 fl~PA6E Project Site Number I?- . 
NUS Source No. b?- &- Ff31 -@z Source Location B 

Fotal Well Depth: fJJp 

iNell Casmg Size L Depth: 

Static Water Level: 
One Casmq Volume: 

Start Purge (hn.1: 
End Purge (hn.1: 
Total Purge Time (min.). 

Total Amount Purqed (gal I* 

Monltor Reading: 

Purge Method : ‘1 

Samole Method: dJecf b& 3~~ 

Deotn Samoled: d?- 

Sample Date &Time: 
O&lC-p3 I ’ 30 

Sampled By: 
Q+l 

Signature(s) 

Type of Srmole 

a Low Concentration 

a Crao -Composite 

Analyw 1 Preservatwe ’ 

%.K 3Ob P 

Purqe Data 
Volume I pH S.C. Temp. K1 I Color 6 Turbldiq : 

1 I 

Sample Data 
pH S.C. Temp. (OC) Color &Turbl Yi 

3bservatlons / Notes: 

LSD ib.twc 

s&-n d&d’ &cd- pmwr 

Orarnlc I :noramtc 



~~~IBURJQN NUS UWPLE LOG SHEET 
‘f!!!! Environmental Corporation [7 Surface Soil 

Q Subsurface Soil 
0 Sediment 
0 lagoon /Pond 

Page / of / 

Case I - 

Bua!L-. 

Project Site Name @eq+fH r\! uIIs(;I-p Project Site Number \ 7 53 

NUS Source No. BP-- 56 - R8 102 Source Location &jq- g&&&J [+td24S3- 

Low Concentration 
0 Htgh Concentration 
m Grab 
1x Composite 
a Grab - Comporlte 

Orqrruc Inorqrnlc 

A0 1) 

Date Shooed 

Ttme Shooed 



RIBBON, NUS SAMPLE LOG SHEET 

Environmental Corporation (J Surface Soil 
m Subsurface Soil 
c] Sediment 
0 Lagoon /Pond 
0 Other 

Page ! of \ 

Case I - 

BylCCls 

Project Site Name 6cTl-k?= u mxLT Project Site Number \ct53 
.NUS Source No. BQ a se- /W/P&D (0 1 Source Location p,‘LDT i3owk& f-k4 24 i$. 



,~hwIBU-R’J()N. N(JS SAMPLE LoG SHEET 
uw Environmental Corporation 0 Surface Soil 

m Subsurface Soii 
0 Sediment 
0 Lagoon /Pond 
0 Other 

Page I of I 

Case C - 

By /dCK 

Project Site Name lgrbww- N~aw Project Site Number IS53 

NUS Source No. BP- 56 - F D 10 1 Source Location pi LOT Boeho\e iStJ74rs _ 

Sample Method: 
5PL-r - sP00~ 
-- ~~ 

Depth Sampled: 

Sample Oate & Time: 

Type of Sample 

a Cow Concentration 
2 ;lgE Concentration 

ra 
0 Composite 
0 Grab - Composite 

Composite Sample Data 

Sample Time Color / Descrlptlon 
I 

Samole Data 

Color / Dctcr~oc~on: (Sand. Clay. Dry; Mow, Wet, ccc.) . 

vL-kh,dl hr ‘I’t IwD;U~Y S~nl> .’ nilor5-I I 

I 

Traffic Reoon 0 I 

Orqantc Inorgantc 



,<bwIBUR’J(‘)N NUS SAMPLE LoG SHEET 
l \’ Environmentd Corporation IJ Surface Soil 

$I Subsurface Soil 
0 Sediment 
0 Lagoon 1 Pond 
0 Other 

Page ! of, ! 

Case I - 

8~~ 

Project Site Name (&Tl~K< Ndtw Project Site Number 1953 
NUS Source No. & -50 - 2L125 150 Source Location ftlm- -hdde H-fQ 2q x 3, 

~ 
Sample Method: 

SpL;r- spoohl Sample 

Oep th Sampled: 
t-9 - /.52 -Fr* 

# 
Sample0 By: 
ST&& Is-. &iT; 

’ nature(s); . 
Le /$L&k& .53c’ 

Type of Sample 

m Low Concentratlon 
0 High Concentration 
m Grab Samole Data 
0 Composite 
0 Grab - Composite Color Dcscr~o(~on: (Sand. Clay. Dry; Mo~sf. WCC. etc.) 

yL-&&!6ne ‘70 tWD;L/M S&43 ; /AGiJT 
I 

Analv$is: Observations / Notes 
-jri3L ~LRTse, 

-lw cc 

-I 

A0 d 1hn ti Ljf799~7~1 - Date Shlooeo 1 l-l4-71 _ 
Time Shooed I /*7’7’5 I I 

1 

Volume 



A~~~IBUKJQN NUS SNWU LOG SHEET 
ayw Environmental Corporation IJ Surface Soil 

81 Subsurface Soil 
0 Sediment 
: ftE;n /Pond 

Page I of l -- 

Case I - I 

d%&-- 

Project Site Name f3cw&& M tiz@ Project Site Number 19.53 

NUS Source No. BP- Se - 24 2% \ (EO Source Location fib7 aabk Hti 24 12 

Sample Method: 
i-r - ood 

Oepth Sampled: 
IL?@- rbl $7 

Sample Date & Time: 

.1/P-l /9:3 IWO 
Sampled By: 

snw 3-s cd-; 

Sample 

Composite Samole Data 
Time Color / Descrlptlon 

Type of Sample 

QE Low Concentration 
0 Hugh Concentration 
%p Grab 
0 Comporlte 
q Grab - Composite 

Analvrts: 

7U b3jfi7; /e 5 

Samole Data 

Color. Dcrcrwtlon: (Sand. Clay. Dry; Moat Wet. etc.) 

P d&b II) 4 StPY j&f 3J-J; pU9iS-r I 
Observatlonr / Notes 

Orgrmc Inorgrncc 

A0 X 

Date Shlooco 

Time Shtooed 

I Vorumr 



~IJjURlJ()N,NU~ SAMPLE LOG SHEET 
--- 
Environmental Corporation (J Surface Soil 

e Subsurface Soil 
0 Sediment 
[3 lagoon I Pond 
0 Other 

Case # - 

By% 

Project Site Name &!3Hkx- OJJDW Project Site Number 19 53 
NUS Source No. BQ-SB-24 ‘2X 1’40 Source Location f? \oT l?wfFL\o\e mzq z$ 

Sample Method: 

*062$ Samole I 1 I 
Depih Sampled: 

Iq)-- IllI‘5 fr 

I I 

1 I / 
Sample Date & Time: 

I/ry /43 IO\5 

Sampled By: 
STAI; 3. CDriTl 

I 

t 
I I 

I 

Type of Sample 

w Low Concentratton 
a Htgh Concentration 
m Grab 
fJ Compowe 
0 Grab - Composite 

I / I 

I 

I 
Samole Data 

Ocrcr~~t~on: (Sand. Clay. Dry: Mom. Wet. etc.1 

Analvrrs: Observations / Notes 

I Ofqamc lnorqantc . 
traffic Reoon # I 

Tag # 

&l-l4 tm I I// s 33 
A0 # fbe YT1c)38670/ 
Datr Shtooee 1 PM-93 

- 

I /74-s Time Shtooed 

I P 
-. 

Lab 
Ace 

Volume 



+&~IB~()N.NUS SAMPLE LoG SHEET 
\W Environmental Corporation 0 Surface Soil 

m Subsurface Soil 
0 Sediment 
(J Lagoon/Pond 
[3 Other 

Page I of I 
.- 

Case # - 

BY KU 

Project Site Name 0ent-?RGe/ NWZRP Project Site Number 19 5 3 

NUS Source No. &p- Se - 24 2s 10 Source Location p;bT &h[e Hd 244 13 

Sample Method: Composite Samole Data 

Sfld-- sQ90r3 Sample Time Color / Descrlptlon 

Depth Sampled: 

I@- lt+J 

Sample Date 8 Time: 

\/fm3 I035 
Samplea By: 

~EGJ (2.. f(flryzWfid 
Si nature(s): . r 

l??t%c ti& I/ 

Type of Sample 

m Low Concentration 
0 Htgh Concentration 
q Grab 
12 Comporlte 

Samole Data 

z Grab - Composrte Color 1 Ot~tr~pt~on: (Sand. Uay, Dry: Moist. Wet. 
I 

p&-&& c!a-xrie s&Gf k pL Q-J 

tc.) 

- I 

Analvslr: Observations / Notes 
‘T&L- \/cu4TILe~ Lqyey$~.crpbrm=~-I;~,&~’ 

uy h -p@ ?) 

HfJ U =3s- P 

I Orgamc Inorqamc 

Traffic Aeoon s I 
I 

1 -_ I 

A0 # I~&EK 4~99i3Bidm i 

Date Shrooea 1 I/r3/93 
Time Shooed I i Qoo I 

Lao 

I P Kc 

I Volume ( 125&L 



Environmental Corporalion 0 Surface Soil 
a Subsurface Soil 
(7 Sediment 
0 Lagoon /Pond 
e Other RirJm Bw 

Project Site Name +g-#p~gz- ~IAsRI? Project Site Number 

NUS Source No. BP- 50 - m i 0 1 Source Location 

Paw I of 1 

Care / - 

BY !Lcx 

\ 
Sample Method: Composite Sample Oata I. 

sf?t? ieres Sample Time Color / Oercrtptlon 

Depth Sampled: / 

Sample Date & Time: 

I/\ 319.3 13 m 
. 

Sa’mplea By: 
1 

fLeil,fd c. ~;LMaGJ I I/ 
Si 

@4AidiL I ,’ 
] 

Type of Sample 

m Cow Concentration i 
0 Hugh Concentratron 

I 

m Grab 
12 Composite 

Samole Oata I 
I 

0 Grab - Composite 
Ocrcrwlon: (Sand. Clay, Dry; Mocrt. Wet. etc.) 

Analvsls: Obrervatlons / Notes 

7T.L vc4cxm I45 
5-r-w~ Hfl (bT ti / 079 I) f--J 

--5hY-v* 

lnorqanlc 

- 

- 

1 I 

Volume 

- 



,~~~IB~ON NUS SmtvLE LOG SI-MT 
‘I- Environmental Corporation 0 Surface Soil 

a Subsurface Soil 
0 Sediment 
0 Lagoon /Pond 
0 Other 

Page j of / 

Case 4 - 

By--k&L-- 

Project Site Name fic.ZI#3& )3-c? Project Site Number 1953 
NUS Source No. fi5p - SB- *2L) 31 20 Source Location p,\cT &-&& u-h)- 2qx2 

Sample Method: Composite Sample Oata 

5pliT - fi?‘oer\ Sampte Time Color / Description 
Depth Sampled: 

‘2C - ~J,s’gl-. 

Sample Date & Time: 

J/zL;hL3 132q 
Sample0 By: 

&SW c’. K,bw~,h~ 

Type of Sample 

6 
Low Concentration 
High ContentratIon 

m Grab / 
0 Composite 

Samole Oata 

a Grab - Composite Color 1 Dcrcrwuon: (Sand. Clay. Dry: Motrt. wet. etc.) 

tih) !hmti*\d do CP- mt; drf i 
Analvrls: Observations / Notes 

TCL. rrCl(Jr!e 5 

I Orqantc InorganIc 

Traffic Reoon # I 

Tag I 

l3KMk H. /Z3%?~~ 

I 
Lao 

1 

Volume 



A~~~~BuKJQNJU~ SAMPLE LoG SHEET 
l \- Environmentad Corporation c] Surface Soil 

QI Subsurface Soii 
0 Sediment 
(J Lagoon/Pond 
0 Other 

Page I of 1 

Case C - 

BY ixw 

Project Site Name (3e!fwx. WTLW Project Site Number lW3 
NUS Source No. fjp- Sb- Zq 3 1 3@ Source Location l7dvdde )$~3-ZL)~2 

Sample Method: 

s&-r- s-pmm 
. 

Depth Sampled: 

)30- 132 q?-- 

Composite Sample Oata 

Color I Oescrlptlon 

Sample Date 8 Time: 

\/ZG/43 I I IS , I Samplea By: 
l(@,/d c. /wum-~rJ 

s 
t/*accoJtt, I/’ 

I 1 
I Type Af Sample 1 
a LOW Concentration 
g ;lg; Concentration 1 

ra Samoie Data I 
0 Composite , 
0 Grab - Composrte Color i OcscnCwon: (Sand. ‘Jay. Dry; MOISI. Wet. etc.) 

1 
GAY ic UX> I LtTLolc6~ : 5e ncR5 ; use-r I -. 

I Traffic Reoon 8 I I 

I . 

Volume 

I / /25/d- 



Environmekal Corpornlion 0 Surface Soil 
$ Subsurface Soil 
c] Sediment 
[3 Lagoon/Pond 
0 Other 

Page 1 of 1 

Case # - 

BY KCIC 

Project Site Name 64.TM*e Abzfw Project Site Number 1953 
NUS Source No. $p- 5(3- 2L) 32 1 q 0 Source Location p 1 I OT btmb)e Hti-24x2- 

Sample Method: Composite Sample Oata 
9 

%;T- S&m-n Samole lime Coior! Dercrlptlon 

Oepth Sampled: 

Y()) t 
Sample Oate & Time: 

, l/u&3 l\5S I 
I I/ * 1 

v 

Type of Sample 

91 Low Concentration 

0 Grab - Composite 

Analvrlr: 

TCL vOkdlleS 

Samole Oata 

Color OeWlotlon: (Sand. Cfay. Dry: MOISI, Wet. etc.) 

6my+lc& vefv Dense cld 70 51 Tr)’ e&/u’) : iAt7 

Observations I Notes 
, 

Voiumt 

L 



m~m~~B~()N NUS SAMPLE LOG SHEET 

aFJJ Environmental Corporation 0 Surface Soil 
a Subsurface Soii 
0 Sediment 
0 Lagoon I Pond 
0 Other 

Page 1 0f 1 

Case I - 

BY WK 

Project Site Name &J’kkf’fi6~ /tWtu Project Site Number 1953 
NUS Source No. BP- shy- 2Y % 150 Source Location R 1 cTT &wd& c)r3-24ZLZ 

Sample Method: 

spl,T- $(>ood 

Depth Sampled: 

\5c- 152-R-- 

Composite Samole Data I 
Sample Time Coior / Oescrlptlon 

! I 

Type o’i Sample 

I!!! 
Low Concentration 
High Concentration 

QB Grab 
c] Composite 
a Grab - Composite 

I 

Samole Oata I 
t Color Dcrcrlptton: (Sand. Clay. Dry: Moist. Wet. etc.) 

me7 

I 
I Orqanlc I lnorqontc 

Traffic ReooR 8 I 



@E&y,feiON NUS SAMPLE COG wEET 
I!! * Coq2omfion 0 Surface Soil 

n Subsurface Soii 
0 Sediment 
(-J Lagoon /Pond 
q Other E&J 6h,K 

Case # - 

BY KCI( 

Project Site Name &mpMe NUN Project Site Number 1753 
NUS Source No. Af’- SB- FB 10 \ Source Location 1’; 10~ -&&& h~-~qz*~ 

5: 

0 

ample Method: 

See ticVY5 
Iepth Sampled: 

- 

ample Date & Time: 

Sample 

Composite Samole Data 
Time Color / Descrlptlon , 

Type of Sample 

m LOW Concentration 
0 Htgh Concentration 
m Grab 
12 Composite 
z Grab - Comoorlte 

inalvsls: 

7c L v0LAy-x e-5 

Samole Data 

Color / Dcrcrwtlon: (Sand. Clay. Dry: Moist. Wet, ccc.) 

/I 

Observations / Notes 

I Lab 
I p fKe 

I Volume 



l ~HALLIBURTON. NUS 
‘~w Environmenti Coworation 

SAMPLE LOG SHEET 

0 Surface Soil 0 Surface Soil 
m Subsurface Soil m Subsurface Soil 
(J Sediment (J Sediment 
0 Lagoon /Pond 0 Lagoon /Pond 
l Other /&s&X %.a~ l Other /&s&X %.a~ 

Page 1 of 1 

Case C - 

BY )2x 

Project Site Name &wf%e tiLi)%f) Project Site Number lol-53 
NUS Source No. BP- S$ - a 104 Source Location j? 1 of 3&o\p l-/r3 2q X2 

Sample Method: 

SW km-5 
Depth Sampled: 

Composite Sample Data I 

Sample Time Color / Descrlptlon 1 

I I 

v  L”.. b”.,.b....“r.--. 

0 High Concentration 
8 Grab 
n I- nmnn<1to 
‘& bv...C’...c 

0 Grab - Comporlte 

t / 
I I -I 

Samole Data ‘i 
)ocrrpuon: (Sand. Uay. Dry: Moist. Wet. CM , 

! 

Analvsls: Observations / Notes 

’ 7c L V6lci ilA2 s I 

1 - 
I Orqrntc I Inorganic 

Traffic neoon 0 I 

Date Sh:ooeo 

Time Shtoocd 1 /555 I 

IdO 

IP ACe 

I 

Volume 



,~~~IBURJJ()N NUS SAMPLE LOG SHEET 

l \- Environmental Corporation 0 Surface Soil 
c[p Subsurface Soil 
0 Sediment 
0 Lagoon /Pond 
m Other &SaTe 8hg 

Page \ of \ 

Case C - 

ByL_cK_ 

Project Site Name BcT$fwTe utizf?? Project Site Number lW3 

NUSSource No. BP- SB- (?J3 lO,3, Source Location f?loT dotile -lw2Lfzz 

Sample Method: 
see tiX5 

Depth Sampled: 

Comoosite Samole Data 

Samole lime Color / Descrlptlon / 

I , - 

Sample pate 8 Time: 

I I25 /q3 IWO I 
Samplea By: 

kEd,ti c. K,LM~~% 

Typd of Sample 

gP Low Concentratton 
0 High Concentration 
r%a Grab 
0 Composite 
a Grab - Composite 

Samole Data 
Color _ 1 Dcxrlotlon: (Sana. Clay, Dry: Moist. Wet. ccc.) I 

I ! 

I Orqamc 

Traffic Reoon 8 I 

Tag 0 ] A?%93 

Inorqanlc 

A0 8 bb5t wn3%77/ i 
Dare Shlooto 1 1/2b/943 I 

Time Shooed 1 /.s.55 I 

I Volume 



\ - 

2 N
 

i $ 
- f 



I- HALUBURTON NUS EnvinonmentaI 
Corporation and Subsidiaries CHAIN OF CUSTODY RECORC 

PRoJECI No.: SITE NAME: 
I 

lYS3 et 7-iys+A.a~' N Id/rffP 

SAMPLERS (SIGNATURE): NO. 
., OF 

CON- 

STATlON LOCATION 

I I I 1 I I 
RELINQUJSHED~Y (SIGNATURE): DATE /TIME: RECEIVED lJY(SIGNATURE): RELJI 

REMARKS 

IUISHED BY (SIGNATURE): DATE /TIME: RECEIVED BY(SJGNATURE): 
\ IL Jj/,, I, ju , f;L(lL ‘J AL L x.d(C JJ I 

RELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED BY (SIGNATURE): RELINQUISHED BY (SJGNATURE): DATE /TIME: RECEIVED bY(SIGNATURE): 

I I 
’ 

SELJNQUISHED BY (SIGNATURE): DATE ITIME: RECEIVED FOR LABORATORY BY 
. (SIGNATURE): 

DATE /TIME: REMARKS: 5,./, ,-;uL /r 1.1 /dc - cc*< F0.i 44~~~s 4~ 

I I J)q L( -pP/.//I.Yb71jr 

IS 440 REVISID Owl 

_. -- 



HALL/BURTON NUS Environments/ 
Corporation and Subsidiaries CHAIN OF CUSTODY RECORD 3 

PROJECT NO.: 

1953 
SAMPLERS (SKiNATURE): 

3 202 IN5 2:) 202 -A 

RELINQUISHED RY (SIGNATURE): DATE /TIME: RECEIVED llY(SIGNATURE): 

NO. 

CK- 
TAlNERS 

, 

REMARKS 

/UlSHED RY (SIGNATURE): DATE /TIME: 1 RECEIVED BY(SlGNATlJRE): 

Z&i 
, 

‘Ed-- 
Fc&~/.I& L x/ -;f> 55 \ 

/y/Q92 ./TJ - L I 
RELINQUISlffiD RY (SIGNATURE): DATE /TIME: RECEIVED RY (SIGNATURE): RELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED BY(SIGNATURE): 

I I 

RELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED FOR LABORATORY BY I’.- ‘0,7i .$ iN L F”X 

I 

, (SIGNATURE): 
DATE /TIME: REMARKS: -5 ’ .‘/‘. !, -.I 

AdAL ) j ‘3 

I Ad” 4799386793 
?ZEZl) 1 



r- HALL/BURTON NUS En wironmen tal 
Corporation and Subsidiaries WA/N OF CUSTODY RECORC 

PROJECT NO.: SITE NAME: 

/7:5 ,’ 
. c . ./I/ I’. 

SAMPLERS (SIGNATURE): , 
,.‘, , ’ :’ ,’ .,* ’ 

STATION LOCATION 

I I I I I 
RELtNqursttEo w (SIGNATURE): RECEIVED BY(SIGNATURE): 

A- 

REMARKS REMARKS 

aELtNQulsHE0 BY (SIGNATURE): DATE /TIME: RECEIVED BV(SIGNATlJRE): 

4 ,’ / //.: / 
, /, . . ,‘. ,’ , I,. ‘/ , ,’ 1 

RELINQUISHED BV (SIGNATURE): DATE /TIME: RECEIVED BY (SIGNATURE): RELiNQuisttEo BY (SIGNATURE): DATE /TIME: RECEIVED BY(SIGNATURE): 

I I 

REllNQulstiEo Iv (SIGNATURE): DATE /TIME: RECEIVED FOR LABORATORY BY DATE /TIME: REMARKS: 

I 

( (SIGNATURE): 
I/ ’ ’ ,f .‘a/ .: ;’ ,/,*8 

I 



HALL/BURTON NUS Environmental 
Cornon, tion and Subsidiaries 

CHAIN OF CUSTODY RECORD 
I 

PROJECT NO.: 

/Y53 
$A- --. --a .-.-a._ -.--. 

REMARKS 

RELINQUISHES BY (SIGNATURE): 

RELINQUISHED BY (SIGNATURE): 

I 

DATE /TIME: RECEIVED BY(SIGNATURE): 

j ?(,.cf’;1 k*:,, i 

DATE /TIME: RECfiVED l)v (SIGNATURE): 

I 

DATE /TIME: RECEIVED FOR LABORATORY BY 

1 

(SIGNATURE): 

RElINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED BV(SlGNATURE): 

1 

RELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED BV(SlGNATURE): 

I 

DATE /TIME: REMARKS: 

I I 



r- HALL/h,nTON NUS Environmental 
Corporation and Subsidiaries CHAlN OF CUSTODY RECORD 

I 
PROJECT NO.: SITE NAME: 

I453 J(hm?Me /a?*. 
NO. 

C% 

I I n- 
. TAINERS 

“f;;oN DATE TIME COMP GRAB STATION LOCATION 

+w - I I#f~z 1310 x twl-1 2 2 

P@?-1 I A 14% -- K w P2 -a 2 2 

REMARKS 

F 

I I 

I 

! 

A I t 
IELlN I EDEJY (5 NATURE): 

dfiEdd% 

DATE/TIME: R ‘$hVED BY(SIGNATURE): RELINQUISHED BY (SIGNATURE): DATE /TIME: 

/ 

RECEIVED BY(SIGNATURE): 

IELIN&JISHED BY (SIGNATURE): 

n&pmQ?c m J\‘@ A<q,Qd I 

DATE /TIME: RECEIVED BY (SIGNATURE): RELINQUISHED BY (SIGNATURE): DATE I TIME: RECEIVED EV(SIGNATURE): 

I I 

1ELlN~uist4Eo BY (SIGNATURE): DATE /TIME: RECEIVED FOR LABORATORY BY . 

I 

. (SIGNATUltE): 

5 MO IltVIWD MO1 

c R 

R 



/ 953 1 A- 

LAMPLERS (SKiNATURE): I * 1 no. I /l”../ 

HALL/BURTON NUS Environmental 
Corporation and Subsidiaries 

PROJECT NO.: SITE NAME: 

MA/N OF CUSTODY RECORD 

I I / / / / / 

RELINQUISHED RV (SlGNATUFjE)i DATE /TIME: RECEIVED RV(SIGNATURE): RELINQUISHED RV (SIGNATURE): DATE /TIME: RECEIVED llV(SIGNATlJRE): 

I 

RELIP(QUIShED RY (SIGNATURE): RECEIVED RV (SIGNATURE): ’ 
I 

, RELINQUISHED IV (SK~NATUR~): , DATE /TIME: , RECEIVED llV(SlCfNAlllRE): 
I 

I t I I 
RELINQUISHED RV (SIGNATURE): 

JI uo ntv~sto a 1 

I 

I I 

” DATE /TIME: RECEIVED F.OR LABORATORY RV DATE JTIMf: REMARKS: 

I 

(SIGNATURE): 

I 
I 



l 

HALL/BURTON NUS Environmental 
Corporation and Subsidiaries CUAl/V OF CUSTODY RECORD 

. 

SAMPLERS (SKiNATURE): 

I f ii: I/ -/ , , , _ , 1 
REMARKS 

, :.. . *.’ ._ 

“;;” DATE TIME COW GRAB STATION LOCATION 

. . ; r’ i’. I t’, 

I,., I a-. ;,’ * ‘. 
.c! 

1. \q ’ -i.. I:\; 2.. 2 L 1 \I,,: -1 t I 1’ I I’ , tq 

.! I i L*’ .“flL iv/ I . 
\yj ‘-y, 1: .. I. \ 17 

1.’ ‘t I It ‘I I I. c,/+,-tru ,;t H-G C-07 

1 .’ 1 .,..‘- *. b 
(\ (;[ ,“.I 

7 
- .2. 

.\I’ (, , ‘. II, PI; ’ ; \ 2 -a 
I ‘II ! I\ I- I. !rs’it /‘lb r 1, ) .I PI I( .‘J :- 

8-,:0j , I., .’ .‘* \‘\’ I, .r -lf,‘l -L_ 2 /‘*I I;\;1 it .“iK I 

RELINQUISHES BY (SIGNATURE): DATE /TIME: RECEIVED BY(SIGNAfURE); RELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED BV(SIGNAllJRE): 

iy,$/ ~~~.~t~lrti tr, i., :\ ‘~j~,, ,: ! ;. j,; ‘__! 1 

tELlNQUlStlE0 BY (SIGNATURE): DATE /TIME: RECtIVED BV (SIGNATURE): RELINQUISHED BY (SIGNATURE): DATE /TIME: RECElVED BV(SIGNAlURE): 

I I 
rELlNQulsttE0 av (SIGNATURE): DATE /TIME: RECEIVED FOR LABORATORY BY 

I 

. (SIGNATURE): 
DATE /TIME: REMARKS: 

I 
~~UOntVlstDm9l 



HAUlBURTON NUS Environmental, 
Corporation and Subsidiaries 

WA/N OF CU! STOOY RECORD 
I 

PROJECT NO.: 1 SITE NAME : I I / /I//// I 

I 

I I I I I I I I I I I I I 
I I I 1 I I 

RELINQUISHED IV (SIGNATURE): DATE /TIME: RECEIVED ElY(SIGNATURE): 

1 - ‘,q,-j/+ ; I- ’ ‘, . .,t _ I-. : 

RELINQUISHED BY (SIGNATURE): DATE/TIME: RECEIVED BY (SIGNATURE): 

I I I I I 
RELINQUISHED BV (SlGNATURE): 

li 

RELINQUISHED BV (SIGNATURE): 

I I I I 

RELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED FOR LABORATORV BY 

I 

, (SIGNATURE): 

REMARKS 

r~ i 

DATE /‘IIME: 1 RECEIVED BV(SIGNATURE): 

I 
DATE/TIME: RECEIVED BV(SlGNATURE): 

I 

JI I 

i ------ ------ ----..--- ---.-...--_....-.. 



\ 
HALUf3hTON NUS Environmental 
Corporation and Subsidiaries 
. 

WA/N OF CUS~OO~,?ECORO 

I 

SAMPLERS (SKiNATURE): 

rv &Cf xv:. ]I(.)(,,!/, 
REMARKS 

sT;;oN DATE TIME COMP GRAD STATION LOCATION 

y.: I 

f IELINQulsHED Ry (SIGNATURE); 1 DATE /TIME: 1 RECEIVED RY(SIGNATURE): I RELlNQulsHEo Ry (SIGNATURE): 1 DATE /TIME: 1 RECEIVED RV(SffiNATURE): ‘-. : 

, '( ( i - - &L-'- . \_ I ,j’ i: 

f WNQUISHED Ry (SIGNATURE): FATE ITIME: RECEIVED Ry (SIGNATURE): RELiNQuIsHED Ry (SIGNATURE): DATE /TIME: RECEIVED RV(SIGNATURE): ‘,/ 

I I 

!, * 
.‘, :, 

R RELINQUISHED RY (SIGNATURE): DATE /TIME: RECEIVED EOR LARORATORY IV 

I 
1 (SIGNATURE): 

DATE /TIME: REMARKS: 

I 
I 



HALL/BURTON NUS Environmental 
Corporation and Subsidiaries 

CHAIN OF CUSTODY RECORD 

L 

‘ROJECT NO.: 

IY’, 3 

CAMPLERS (SKiNATURE): 

SITE NAME: 

(‘#I- I; , ) ,I!../-# I(./, l’r’y 

NO. 
nF 

-7-x I) , f ,:,/ 1 CCN- 
TAINERS 

STATION LoCATION 

RELINQUISHED IV (SIGNATURE):, 1 DATE /TIME: 1 RECEIVED RY(SIGNATURE): 

RELINQUISHED RV (SIGNATURE): 

_. ’ --r&A .A 
DATE /TIME: RECEIVED RY (SIGNATURE): 

RELINQUISHED IV (SIGNATURE): DATE /TIME: RECEIVED FOR LARORATORV Rv 

I 
(SIGNATURE): 

JSUoRtW%DO. ’ 

REMARKS 

‘2. 

1 

(I,, ,.,‘ I tr.l\.IC 

RE~i~cjulsktED Rv (SIGNATURE): DATE /TlME: RECEIVED RY(SlGNATlJRE): 

I 

RELINQUISHED IV (StGNATlJRE): DATE InME: RECENED RV(SlGNANRE): 

I 

DATE I TIME : REMARKS: 

I 



r- HALLIBURTON NUS Environmental 
Corporation and Subsidiaries CHAIN OF CUSTODY RECORD 

REMARKS 

STATION LOCATION 
/ / / /’ / 

YQ@ 
Yc(5 40 HOLD . 

7 
RELiNQulstit~ Rv (SIGNATURE): DATE /TIME: RECEIVED llV(SIGNATtJRE): 

I 
lELlNQUlSHEb RY (SIGNATURE): ~A+E /TIME: 

r 
RECEIYEO RY (SIGNATURE): RELlNQulstiED BY (SIGNATURE): DATE /TIME: RECEIVED bY(SIGNATURE): 

I \, I I 

lEllNQUlSHE0 By (SIGNATURE): OATE /TIME: RECEIVED FOR LARORATORY RY DATE /TIME: REMARKS: /cl 
I 

(SIGNATURE): 

I 
1 jf9,rfJ DLd/YCALY /9y Jv. k"m*T+--J 

VOL L/,r7c'fA~;C . LPI u J..cN 
I UO If veto a91 



APPENDIX C 

BORING LOG SHEETS/GAMMA RAY LOGS 



7 



. BORING LOG 
1 

PROJEff: &Q-e BORINGNO.: H&z* =z 7 

PROJECT NO.: 1 q s 3 DATE: p25-73 DRILLER: 

’ ELEVATION: 
. 

FIELD GEOLOGIST: /d p r/ I 4 c - f(: :CM&f? “Tr d I 

WATER LEVEL DATA : 

(Date, Time 8 Condrt~OnS) 



. BORING LOG 

PROJECT: 

PROlEn NO.: 

ELEVATION: 

WATER LEVEL DATA : 

(Date. Time 8 Condt~~ons) 

DATE: / - 26 -43 

8ORlNG NO.: Hh; 2+z 
DRILLER: 

FIELD GEOLOGIST: 

CL4SSlFlCAllON 

BORING Hhl 



q BORING LOG 

PROJECT: 

PROJECT NO.: 
ELEVATION: 

WATER LEVEL DATA. 

(Date. Time 8 Condttrons) 

NALUBURTON NUS 

BORING NO.: hJ2Ljz 
DATE: 1-26-7’3 DRILLER: .I 
FIELD GEOLOGIST: 

-J 

MATERIAL DESCRIPTION* Roar 
M 

.ITMOLOG~ IOIL a I 
CMUJGC OCI)UW 
,-.~) CoaUmIC* MATERIAL 

oamu COLOI ClAJSlFlCAnON 
VKS REMARKS 

*Aaaa#ss 

REMARKS 
BORING 



. BORING LOG WBURTONNUS 
._ 

I 
h-n-a- 

PROJECT: BCI kr*ec 

PROJECT NO.: Fls3 
ELEVATION: 

WATER LEVEL DATA. 

(Date. Time 8 Conditions) 

BORINGNO.: I-td zL( 2% 

DATE: l-‘3-49 DRILLER: DCLT 9 
FIELD GEOLOGIST: Ki bt f+md 

8lOWS 

i- OI 

JO0 

a-..1 REMARKS 
I 

BORING 
c)tJz”r t I 

PAGE,)OF 3 



L 1 BORlNG LOG 

PROJECT: 

PROJECT NQ.: 
ELEVATION: 

WATER LEVEL DATA : 
(Dare. Time 6 Conchtlofx) 

BORING NO.: h d .2L9 3 1 
DATE: I-,>-q?J DRILLER: 

FIELD GEOLOGIST: Iced d 6 k ; hcM%‘d . 

1 _ MA1 rERlAL DESCRIPTION* 

oil 
MATERIAL 

CLASSIFICATION I I ‘JKS REMARKS 

7 

i 1 

, ’ 
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WATER LEVEL DATA. 
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ELEVATION: 

WATER LEVEL DATA : 

(Date. Time & Condltlons) 
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FIELD GEOLOGIST: !cc Kfuw L7/ rJ 

PROJECT: 8ORlNG NO.: #AI -Y I pi LOT 

PROJECT NO.: DATE: z-s-93 DRILLER: 
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COUNTS SETTING (GR-73)5&Qm RANGE SUIBJG (OR-811 TlME CONSTANT (GR-81) 

MCREASHG GAMMA RAY EMMIStONS 



. 

cc36 
OELTA WELL 6 PUMP Co., ho. 

eAMMA RAY LOGi 
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PROJECT: i3tDWfW*. &di 6? 

PROJECTNO.: ,L DATE: 2 - / 5 - 93 
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DRILLER: DE LT/+ 

ELEVATION: FIELD GEOLOGIST: )cT K,h -71 h, 

WATER LEVEL DATA : 

(Date. lime 8 CondltlOnS) I 
I 

iv 

.I 

MATERIAL DESCRIPTION’ 
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BORING P\ 



. BORING LOG 

PROJECT: 

PROJECT NO.: 

ELEVATION: 

I WATER LEVEL DATA 
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BORING LOG 

pR0JEc-r: l?2iaeME W-E = vW\RQ 

PROJECT NO.: 1 q= DATE: 12 -7-q= 

HALLIBUKM)NNUS 

. 8ORlNG NO. qDOL 

* DRILLER: f&W 8- 
ELEVATION: , 

WATER LEVEL OATA : . 

(DOW. Time & Conditions) 

FIELD GEOLOGIST: HZEUJ (A/%wxCL 
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II HI 
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BORlNG LOG ~WIiTtiNNUS 
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PROJECT: =.t?!t!+~- b fl x 
. BORING NO SR 3/-p 

PROJECTNO.: . t%3 DATE: c DRILLER: A.” 

ELEVAfloN: . FIELD GEOLOGIST: -0 t,MhLcR 
WATER LEVEL DATA :. 52.5 * i%S I 2-8 ‘FL 8. 

I (Date, Time 6 Conditions) 



PROlECTNO.: b. DATE: 17-8-cIL - DRILL:? /3 p7- ’ . . 
ELEVATION: , FIELDGEOLOGIST: 6?&D W- f&u La* 

WATER LEVEL DATA : . 472 r 
I /2-Z3-t’L 5 

(Date. Time & Conditions) 
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BORING LOG ~MJIiT6NNUS I C 
PROJECT: -=C RT f’Hh=H 

PROJECT NO.: i-3 DATE: (2-S- =?7- 
. BORING NO so?, flm/uI NW 

rc DRlLLER:m ~KWZD8~kw pew, 
ELEVATION: FIELD GEOLOGIST: -60 UJ brhs&.& 
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(Date. Time 6 Conditions) m 
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PROJECT: vi? PM+?& = . BORING NO : s@@t 
PROJECT NO.: tq33 DATE: &-8-yz *c DRILLER: ROT,- 
ELEVATION: , FIELD GEOLOGIST: hZ0 (df?fWWZ 
WATER LEVEL DATA : . ‘. 

(Date. Time 6 Conditions) 
I 

MATERIAL OESCRlPTfON 
LAURl ot*- 

-0 ,#I I I I 
1 ww w am”Y, MATERIAL 

01 COLOI co 5 
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BORING LOG ~IBUIiTdNNUS 
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BORING LOG ~IBUkT6NNUS 
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PROJECT: RETH_OAG6, fkb% 11 @- 
- - 

. BORING NC 9eo7 ~P~+~F,GM 



PROJECT NO.: is‘53 
ELEVATION: 

WATER LEVEL QATA :. 

(Date. Time a Conditions) 

DATE: I2-Y -y’L DRILLER: ADT.fZlurrtRo bwm~ 

FIELD GEOLOGIST: -fi 
‘. 

BORING LOG =IWIiTtjNNUS 
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(Date. Time 6 Conditions) . 
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BORING LOG 
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PROJECTNO.: Iqfl 

ELEVATION: , 

WAtER LEVEL OAtA : . 

(Date. Time 6 Conditions) 

HALLIBU'&ONNUS .- 
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. BORINGNO. soILL 

DATE: \l-[O-lL DRILLER: /QDr 

FIELD GEOLOGIST: BE0 Wtbm s& 
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ELEVATION: , 
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FIELD GEOLOGIST: mC 0 b fb~5rEIc 
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(Date. Time 8 Condition3 
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APPENDIX D 

WELL CONSTRUCTION LOG SHEETS/WELL DEVELOPMENT 
LOG SHEETS 



ELEVATl ON: I 

MONITORING WELL SHEET 
mc~noN:~~~~e W ! DRILLER* D -?-f+ l 

btt mount 
,udacr caring 
with lock y 

. 

OVERWREN 

I 

E ‘4 : I 
I.: 1 
*I e 

;-! . -. 
- :.I! - :, 
-. I 
- : ;I - i. - .’ tl 

.I 
i I, 
- j-- 
1 ,\I 
-. i - .; _ ..’ 
- ;;:! -. 

g 

RISER PIPE I.D.: Y 

-oI~+~/hLKv. TOP OF SEAL 
-19” 

, 
‘TYPE oc SEAL Benmn;Te 

. ” 

-DEPIII/ELEVATIW TDP OF SmD: 

-DCPlM/EUVATIOM TOP Of SCREEFd: 

lYS’4 ‘7 

Iv?‘, 



MONITORING WELL SHEET -- 

cmuna 
Elrvotiti 

%rh mount 

EUvAl’ION TOQ OF RlSERz 

-TYPE OF SURfA= SEAL: CD ncreT e 

-WE Of PROTECllbf CASING:= 4 /ktAole n 
1.0. ff PROTECTIVE CASING: 

mRD(ou DlAMETaC: IO n 

,lWE Of RISER PIpt: sdbqo ?vc 

RISER PIPE I.D.: 

- WTH/EUVATIOM TOP OT SCREW ISO’, 1 

TYPE Of SCREEN: Y”ZD, y?tfc, S&. 40 

own x IO’ 
I 

9.01 SIZE x LLNCTN ’ 

I 

-TYPE OF SMD pAo(: Al .Mork 

1 



OVERBURDEN 
w-2:752 

MONITORING WELL SHEET 
PROJECT: 6~TH~~~ K@wOCATION: 5 tE t 

PROJECT NO.:- BORING: f’~E7~~6~ -2 

ELEVATION: DATE: 17----yZ- 

FIELD GEOLOGIST: =w W%++i= 

L 

Ground 
Elevation ELEVATION TOP OF RISER: 

- 7 

‘iurr. mount 

TYPE OF SURFACE SEAL: c 6nGN r 

TYPE Of PROTECnVE CASING: 

I.D. Of PROTECTIVE CASING: 6 b” 

BOREHOLE DIAMETER: 
$ If 

TYPE OF R!SER PIPE: pv c ECH +o 
(I 

RISER PIPE I.D.: zf 

ELEVATION / DE?TH TOP OF SEAL: 

D~~rU--TF, ,LIdIZf?y 
32.7 

3EPm/E~VAnON TOP Of SAND: ‘ts (I 

DEPTH/ELrVATlOK TOP OF SCREEN: 

TYPE OF SCREEN: 4c;i; 5LO~E~ 

SLOT SIZE x LENGTH: - * zd’ f (0 ’ 

DEPm/ELEVAnON 9Ol7OM OF SCREEN: 

DEPm/ELEVAnON 9OnOu Of SAND: 

DEPm/ELEVAnON SOTTOM of HOLE: 

BACKFILL UATERIAL BELOW SAND:- A’/P 



.~IiAIJ,IBURTON NUS 

.w Environmental Corpodon OVERBURDEN 
w-27 s3 

MONITORING WELL SHEET 

PROJECTfir=T+@ - 
~c F(\- prrw= 

LOCATION 41TE i 
PROJECT NO. I453 BORING f%lZO~-‘l-c~ = 1 

ELEVATION DATE /s-zJ-sr 

FIELD GEOLOGIST---ON RwwK 

0 

GROUND 
ELEVATION 

-.~‘FBP6CSURFACEGaSlNG : 
- EtEU&W:-: 

- (TlrY%P OF SURFACE CASING: 
- STICK - UP RISER PIPE : 

‘. 
- TYPE OF SURFACE SEAL: 

- 1.0. OF SURFACE CASING: 
TYPE OF SURFACE CASING’ 

- RISER PIPE I.D. 2“ 
TYPE OF RISER PIPE: f’VC %a-~ 4 0 

A 
- BOREHOLE DIAMETER: f3 ‘4 

- ELEVATION / DEPTH TOP OF SEAL: 

- rYPE OF SEAL: I;: Z@TOhilTC PCLLfi 1) 

- DEPTH TOP OF SAND PACK: -48 

- ELEVATION / DEPTH TOP OF SCREEN: ! 5-1 

- TYPE OF SCREEN: koflo f“‘c 

SLOT SIZE x LENGTH: /o” * .oz 

1.0. OF SCREEN: ‘J” 

-TYPE DFSANDPACK: Pa fqcr,le 5HN9 

- ELEVATION / DEPTH BOTTOM OF SCREEN: ptf 

- ELEVATION / DEPTH BOTTOM OF SAND PACK: 
fYPE OF dACKFlLL BELOW OBSERVATION 

/ f 1 

WELL: &‘ATI?LvL H~I-L-;ZI~L 
/A 



OVERBURMN 
MONITORING WELL SHEET 

F Grwnd Eltvoti0n 
‘lurh mount wfocr carin rlttl lock H 

-c dam/ E.tvotton s:ct1c noter Level (*oorox.) 

i 

-TYPE Of RISER PIPC: meet 
RISER PIPE I.D.: 0’ 

-TYPE OF SAND PAia<: 62 Marie 



FiiiiavfiWl- 
PROJECT NO.: 19’53 

ELEVAll ON: 

\ C;rwna 

\ 
Clrvotion 

YU NO.:,+Ihl- 

OVERBURDEN 

/ 
* ut2tn/ .wotlon s:ctc note? Lcvd 

-/, I 
(*ovoa.) 

. 

-ELEvATlON TOP Of RISER: 

-TYPE of SuRfAcE SEAL: COriCJH5~ 

s& qo pvc 
-lWEWRSERPlPE: l 

I1 

RISER PIPE I.D.: 

-lWE Of SAND PAo<: 



OVERBURDEN 
MONITORING WELL SHEET 



Ground 
Clw0ti0n 

OVERBUREN 
MONITORING WELL SHEET 

PROJECT NO.: 195 3 

. 

3eptn, Elwatton 
stotcc Hotef Lewd 
(qlpror.) 

r 1 1’. 

-ELEVATION TOQ of mtER: 

-TYPE w SURFACE SEAL: FVICS-CT~ 
-lyPE of PRo7Ecnbt 
I.D. Of PROECn= CASING: 

-mREHaE DIAMETER: w 

-WE Of RISER PIPE P\tC 
RISER PIPE I.D.: 



OVERBURDEN 
MONITORING WELL SHEET 



YU _ NO.:.- 

MONITORING WELL SHEET. 

ClovotiOn 

d.‘.-. - ..,5. . . 
l *‘: 

: YT- nurh mount 

rudoce cow9 
with lock 

stottt notef Levd 
(*pproa.) 

1 

-~vmoN top of fusuk 
I 

1.0. OF PROTECTIX CAYNG: 

-0oRENaE DIAMETER: 10” 

-WE Of RIZXR PIPE sch. 40 WC- ,, 

RtSER PIPE 1.0.: 

~DEPTH/EEVATION TOP Of SCREEN: 50’, I 



YLL NO.:- 

OVERBURN 
MONITORING WELL SHEET. 

,ELEVAmN Tap w RISER: 

TYPE w #IRfAa SEAL: CkMCCCTC 

WE Of PROTECTI* CAYNC: 

1.0. Of PROTECTIVE CAYNG: 

BMENOLE DIAwETElt: 

RISER PIPE 1.0.: 

DEPlH/ELEVAnON TOP Of SAND: 



WELL NO.: HAI- WI- 

OVERBURDEN 
MONITORING WELL SHEET . 

‘O ‘k 

Wh lsvation 
static Water Level 
(Appr--1 

I/ 

I 
1.3 
‘I -, 

1 METHOD: 

-ELEVATlON TOP OF RISER: 

-TYPE Of SURFACE SEAL: 

-TYPE Of PROTECTIVE CASINC: 

I.D. OF PROlECllVE CASING: 

-BOREHOLE DIAMETER: 

-TYPE Of RISER PIPE: d 

RISER PIPE I.D.: 

-DEPTH/ELEVATlON TOP OF SAND: 138 / 

-DEPTH/ELEVATION TOP OF SCREEN: 

TYPE Of SCREEN: pdc 

SLOT SIZE x LENGTH: 

/Y-/ / 

, 

-TYPE OF SAND PACK:~~ 

-DEpni/ELEvAnw eonou OF SCREEN: 
DEPTH/ELEVATlON BOl-KlM ff SAND: 

-DEPTH/ELEVATION BOllOM OF HOLE: 

BACKFILL MATERIAL BELOW SAND: 



APPENDIX E 

PUMP TEST DATA AND RESULTS 



APPENDIX E: PUMPING TEST DATA AND CALCULATIONS: 

- DATA SUMMARY OF CALCULATIONS FOR PUMP TEST fl AND #2 

- PUMP TEST #l: SUMMARY OF GEOLOGIC CONDITIONS 

DRAWDOWN AND RECOVERY DATA 

GRAPHS OF DRAWDOWN AND RECOVERY 

- PUMP TEST #2: SUMMARY OF GEOLOGIC CONDITIONS 

DRAWDOWN AND RECOVERY DATA 

GRAPHS OF DRAWDOWN AND RECOVERY 

- PUMPING TEST CALCULATIONS 



DATA SUMMARY OF CALCULATIONS FOR PUMP TEST #l AND #2 



DATA SUMMARY DF CMCUt.ATK)NS FDR PUMP TEST 8l AND @2 

hrlmcr scmuud Hofimnt8l VUtk8l specilk C8kul8uon 

From Pumpng ktaval lrmrmlrrlvlty Hyd. CowA~~ttvity Hyd Conductlvtty KvMh r&o WOWiVlty Ykld Memod I 

mm 4s 

b4N28l 425 
10.559 92 11 I 396 6.4 0.0012 Neuman (1) 

131.141 16.s49 1090 
I 

Fords (2) 

Recharge Bnin 

HN26l. HN271. HNXU, 
HN27s2. HN27s3 

liN29t. HN27l. HN281. 
HN27S2, HN27S3 

PUMP TEST 12 

so0 

- 

- 

i 7.9m 

17.1366 

105.4 

100.8 

2339 

0.175 

0.33 

Pwme8bHlty (3) 

-f---C9 
8l loo0 Minutes” 

DbtBnca-Drcmdawn(5) 
8t 4000 Minutes l * 

wmo 85.7 
PW-11 429490 

59.723 65.3 

Note: All akzulations bawd on dab from Pump Test 81, l xcopt c&ulabns fof pw-11 based on da from pump test 92 
S4~mickneufocpumptert81~170~.wtun~mkkm~(orpump~t12=700n. 

0.26 DI*~Dmwdown(s) 
8t 4000 Minutes 

sfmcific cap8city (6) 

l * lndii l aly5ls comcted lof partial pemhtion dlect8. 
(1) Mathod doscribed in. Nwman. 1975 
(2) Whod dasaibed in: Fenis. ot 41.1992. Thug of Aquifer Test. USGS W4w supp4y Paper. 
(3) Method described In: Duput 1963 
(4) Method described in Geckhnkal EwiMog. Holk. R D. and KOWCS, W D ,199l. p9s.208207. 
(5) Mathad described In Fetter. C F , A&ed Hydro9uAqy. 1980 
(6) Method dosedbed in Logan. 1964 



PUMPING TEST # 1 

SUMMARY OF GEOLOGIC CONDITIONS 



Pumping Well HN-2712 

Pumping Rate = 448 gpm 

Trend data from 0.0 to 4320.0 minutes 

Drawdown data from 4320.0 to 8420.0 minutes 

Recovery data from 8420.0 to 13920.0 minutes. 

The conceptual geologitihydrogeologic model for the analysis of pumping test 1 was an unconfined 

aquifer with a pumping well and a recharge well operating at equal pumping/recharge rates. The 

recharge basin was conceptualized as the recharge well, with the hypothetical recharge well location 

considered to be the center of the basin. A clay layer encountered in three perimeter boring at a depth 

of about 220 feet was assumed to be present throughout the area of the test and was used to define the 

bottom of the unconfined aquifer for test evaluation purposes. The water table was considered the top 

of the aquifer, at an approximate depth of 50 feet, resulting in an aquifer thickness of approximately 170 

feet 

Since the recharge basin was in use for an extended time period prior to the start of the pumping test, 

the recharge rate prior to pumping test startup was considered to be a steady state condition and the 

waler levels observed in the area were reflective of this steady-state. As a result, the added discharge 

to the basin and resulting added recharge to groundwater due to the pumping test could be considered 

as a recharge well injecting water at the same rate as the groundwater extraction rate/added discharge 

rale into the basin. 

The background discharge rate to the aquifer from the basin could be ignored for purposes of the test 

evaluation, as the water table configuration at the beginning of the test was considered to be a quasi- 

steady state condition reflective of this background recharge to the aquifer (and cyclic pumping activities 

at an unknown location nearby, seen in the trend data) 

Several analysis methods were applied to the drawdown data generated. The early time-drawdown data, 
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affected by pumping only, was matched against Neuman’s type curves for an unconfined aquifer to o&pin 

preliminary estimates of tmnsmissivity (T) and values for vertical permeability. 

Later data, affected by both the pumping well dmwdown and the recharge basin recharge, was analyzed 

using two methods applicable to aquifers with a pumping and a recharge well operating at equal rates. 

One method is a type cuNe matching method presented in Ferris, et.al., 1962. The other method is a 

steady-state dmwdown analysis based on the Dupuit (1963) formula for steady state drawdown in an 

unconfined aquifer. For a pumping and recharge well operating at equal rates, drawdowns within the 

areas of influence should reach a steady-state level after the effects of both wells are established at a 

given observation point. . . 

The steady-state assumption was considered a valid approximation as drawdowns appeared to be 

stabilizing near the end of the first 1000 minutes of pumping, prior to the manifestation of what is 

interpreted as additional drawdowns imposed by unknown pumping wells cycling on and off. The effects 

of these wells can also be seen in the trend data, which shows varying magnitudes of responses to the 

cyclical pumping. These differences are considered to be due to variations in the pumping rates of the 

wells responsible for the cyclic responses, and the cyclic drawdowns seen in the data after 1000 minutes 

of pumping are interpreted as cyclic pumping at higher rates than was occurring during the late portion 

of the trend data gathenng and the early portion of the pumping test. This added extraction from the 

aquifer changed the quasi-equilibrium drawdown condition and resulted in further drawdowns in the 

observatron wells. 
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Figure 9-15 
Capture zones of BWD Wells - Sensitivity Analysis Location of North Constant Head 
Boundary- BWD at High Pumping Rate. 
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10.0 SUMMARY OF COMPUTER MODELING STUDY AND RESULTS 

The following section summarizes the procedures and results of the computer modeling performed as 

part of the RI report for the Bethpage NWfRP. 

10.1.1 Computer Modelinn Obiectives 

The general objectives of the RI computer modeling were to provide data on the overall groundwater 

flow in the area of the NWIRP and to determine the potential flow directions of contaminants which may 

originate on the site. The specific objectives of the computer modeling at Bethpage NWIRP are listed 

below: 

. Provide a general characterization of the subsurface conditions underlying Bethpage 

NWIRP. 

. Develop a flow model which accurately represents groundwater flow in the area around 

the Grumman site, with an emphasis on the groundwater flow in and around the NWIRP. 

. Model the flow directions of simulated contaminant releases under a variety of production 

well and NWIRP recharge basin pumping conditions. 

10.1.2 Summarv of Modeling Approach 

The flow model was developed in several related steps, which are as follows; (1) Collect existing data 

and construct the conceptual model, (2) select the appropriate numerical groundwater model, (3) input 

initial parameters into model, (4) perform calibration on two months of steady-state data, and two sets 

of transient pump test data (5) perform validation on two months of steady-state data, (6) perform 

partrcle tracking simulations, (7) conduct sensitivity analysis for flow model parameters. 
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10.1.3 Conceptual Model 

To accurately simulate the behavior of groundwater and particle movement, it is first necessary to obtain 

a detailed understanding of the geologic and hydrogeologic factors which control groundwater flow at 

a site. The conceptual model of the groundwater system was developed from information gathered on 

site conditions during a literature review conducted prior to construction of the model. Initial values of 

geologic and hydrogeologic parameters were obtained from a variety of literature sources and from two 

pumping test performed at the NWIRP. 

Key features of the conceptual model are: 

. The water table is present within the upper portion of the Magothy aquifer across most 

of the modeled area. The Magothy aquifer is considered to be the most significant water- 

bearing unit in the vicinity of the NWIRP site. 

. The upper glacial and Magothy units are considered to function as a single aquifer, as 

no barrier exists between these units to prevent the exchange of water. 

. All Grumman production wells, recharge basins and BWD wells are located in the upper 

glacial aquifer, or within the Magothy aquifer. 

. The base of the flow system is the Raritan Clay unit, which is considered to be 

impermeable. 

. The aquifer is considered to be unconfined. 

. No natural surface water bodies are present within the modeled area which significantly 

effect groundwater flow in the model area. 
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Key features of the computer model grid are: 

. The model grid covers the NWIRP, Grumman property, and BWD wells to the east and 

south. 

. Model grid columns are oriented parallel to the normal (non-pumping) groundwater flow. 

. Grid spacing is most dense in the area of the NWIRP, where the direction of groundwater 

flow is of primary interest. Grid spacing widens towards the edge of the grid. 

. The model grid consists of five layers, which were determined based on the screened 

intervals of shallow intermediate and deep monitoring wells. Layer 1 contains shallow 

wells, layer 2 contains intermediate wells, layer 3 contains deep wells and one BWD well, 

layer 4 and 5 contain Grumman production wells and BWD wells. 

. Constant head boundaries are present along the north and south grid boundaries, and 

no flow boundaries are present along the east and west grid boundaries. 

10.1.4 Computer Code Selection 

The modular three-dimensional finite-difference groundwater flow model (known as MODFLOW) was 

chosen to be used for this modeling project because it is capable of simulating the conceptual model 

developed for the NWIRP site. MODFLOW was developed by the U. S. Geological Survey to simulate 

groundwater flow in a variety of situations (MC Donald and Harbaugh, 1988). This model can be used 

for two-dimensional or three-dimensional applications, and can simulate the effects of wells, recharge, 

drains, and rivers as well as a variety of boundary conditions. MODFLOW has been used extensively 

at hazardous waste sites for simulation of groundwater flow, evaluation of remedial alternatives, and can 

be used in conjunction with other programs for modeling of contaminant transport and particle tracking. 

MODFLOW uses a block-centered grid for solving the finite-difference groundwater flow equations. 

MODPATH is a threedimensional particle tracking code that was developed by the U. S. Geological 

Survey (Pollock, 1989). MODPATH operates separately from MODFLOW, and utilizes heads calculated 
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in MODFLOW to determine the direction of particle movement with time. Particle flow directions can 

be traced forward in time to determine where particles released from a potential contaminant source 

may move, or particles can be tracked in reverse to determine well capture zones. 

10.1.5 Model Calibration 

Model calibration refers to a demonstration that the model is capable of producing water elevations 

which are comparable to water elevations measured on site. Calibration included performing steady- 

state simulations for two separate pumping conditions at the Grumman site; low pumping conditions for 

Grumman production wells during February 1992, and high pumping conditions for Grumman production 

wells during August 1992. Calibration also included conducting transient simulations for two pumping 

tests which were carried out at the NWIRP site. 

Model calibration was conducted to generate a best fit for both steady-state and transient conditions. 

Calibration was performed interactively between transient and steady-state simulations. The final 

calibrated model minimized the model error for both the steady-state and transient simulations. 

Steady-state calibration simulated two monthly pumping scenarios. Simulated water elevation data was 

compared to measured data at 61 monitoring wells across the modeled area. Steady-state simulations 

were run until there was less than .OOOl ft of change in head during one iteration of the simulation. 

Both steady-state and transient model calibration was performed by adjusting initial values of aquifer 

parameters and boundary conditions until an acceptable match of the modeled data was achieved when 

compared to o,bserved measurements. To more accurately represent natural conditions, recharge was 

added to 3 recharge basins on Hooker-Ruco property, and to one recharge basin in the vicinity of well 

GM-1 5s dunng model calibration. These basins were activated to compensate for recharge which may 

have occurred at these basins during the months considered in the model calibration. 

Transient (stressed) conditions were calibrated by simulating two pumping tests performed at the NWIRP 

site. These pumping tests produced drawdowns within a small portion of the model grid and transient 

calibration efforts were focused on this section of the model. Simulated drawdowns were compared to 

measured drawdowns for the transient calibration runs. 
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Calibration Criteria 

The steady-state flow model was considered calibrated when the modeled steady-state simulations were 

within 2.0 ft of measured values at the monitoring wells. The calibration criteria was determined as one- 

half the natural water table fluctuation across the site. This calibration criteria of + 2.0 ft was met for 

all of the 61 monitoring wells on site, with the exception of 8 monitoring wells. These wells which fall 

outside the calibration criteria are located in the immediate vicinity of active recharge basins or 

production wells, which may have effected the calibration results. A more rigorous calibration criteria 

of + 1.0 ft was met for the modeled versus measured drawdowns for the two transient pumping test 

simulations. The -+ 1 .O ft calibration criteria was used for the pumping test simulations because these 

pumping tests effected a small portion of the model grid where grid spacing is most dense, and flow in 

and around the NWIRP is of primary interest as potential sources of contaminants (Site 1) are known 

to exist in this area. 

Calibration Results 

For each steady-state calibration run, the difference in head between the measured and modeled heads 

was noted. The measured minus modeled value indicates if the measured water elevation at a well is 

within the calibration criteria. In addition to this value, two other quantitative calculations were 

preformed for the calibration runs to determine how closely the modeled data fit the measured data. 

The sum of the differences of modeled data to measured data (referred to as the mean error) indicates 

the amount of positive or negative model error for the calibration run. A zero value of mean error 

indicates equal amounts of positive and negative model error, (i.e., the model predictions are not 

consistently high or low). Final calibration results for low pumping conditions have a mean error of -0.01 

ft for low pumping conditions, and 0.02 ft for high pumping conditions. The mean error was minimized 

during model calibration. A small value of mean error alone does not indicate a good calibration, as 

both positive and negative mean errors are incorporated and may cancel out. For this reason, an 

additional measure of model accuracy (absolute residual value) was calculated. 

The absolute residual value is the sum of the absolute values of the differences between measured and 

modeled data for each monitoring well. A low absolute residual value indicates a good match between 
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measured and modeled data, with a zero value indicating an exact match between measured and 

modeled data. The absolute residual value for low pumping conditions was 28.26 ft, and for high 

pumping conditions the absolute residual value was 36.64 ft. The absolute residual value for low 

pumping and high pumping conditions was minimized during calibration, and these absolute residual 

values were considered to be acceptable for these simulations. 

The outlier wells that fall outside the calibration criteria were not included in the calculation of mean 

error or absolute residual error because these wells were interpreted to be influenced by active recharge 

basins and production wells and, therefore do not accurately reflect the modeled conditions. Pumping 

rates used in the model were derived from monthly averages at each production well and do not reflect 

daily fluctuations in recharge basin water levels or production well pumping rates. The measured water 

elevations represent a ‘snap-shot’ of water conditions, while the modeled conditions reflect steady-state 

conditions. Therefore, water elevations taken at monitoring wells in the immediate vicinity of active 

recharge basins or production wells may be influenced by pumping or recharge activities. The majority 

of monitoring wells are distant enough from recharge basins or pumping wells so that they are not 

effected by short-term fluctuation caused by pumping or recharge. The average pumping rates used 

in the model can accurately simulate water levels, as indicated by the close fit of modeled to measured 

water elevations at most of the monitoring wells during calibration. 

In addition to the statistical checks made on calibration solutions noted above, the water balance of each 

calibration run was checked. This water balance measurement is generated by the MODFLOW model, 

and is an independent check on the total amount of water entering and leaving the flow system. All 

calibration runs fell below the + 0.50 % water balance error criteria. 

Statistical analysis on the calibration results were performed to determine how well the model data 

matched the measured data, and to determine if any trends were present in the distribution of model 

error. Linear regression data for the calibrated steady-state model indicates that a nearly direct 

relationship exists between the modeled and measured data. Similarly, a linear regression for the 

modeled and measured drawdowns for pumping test #l shows a nearly direct relationship between 

measured and modeled results. The simulation of pumping test #2 was more difficult to model due to 

the small amounts of drawdowns produced (c 1 .O ft) in the observation wells. The regression data for 

this data shows more scatter and a less direct fit of the modeled data. Residual contour plots, which 
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show a contour plot the model error for the steady-state simulations, indicate no significant trends were 

present in the modeled data. 

10.1.6 Model Validation 

Model validation is a check on how well the model can predict a set of water elevations, utilizing the 

model parameters established during calibration. Model validation for the flow model consisted of 

entering the known pumping rates for production wells and recharge basins for two separate months, 

running the model to a steady-state, and comparing model output to measured data for those months. 

Two validation scenarios were simulated, January 1992 and July 1992. 

These two data sets were not used during model calibration and represent independent data sets for 

model validation. The January and July data sets were chosen for validation because these months 

occur immediately before February and August 1992, which were used during calibration. The January 

and July data was considered to represent the most similar boundary conditions to those used for 

calibration as they occur in the same seasons as the calibration runs. Precipitation data indicates that 

January and July 1992 are more similar to February and August 1992 (rather than March and 

September, the other months considered for validation). Using months in similar seasons, with similar 

amounts of precipitation for calibration and validation is important because the total precipitation will 

effect the water elevations at the north and south constant head boundaries, which effect water 

elevations across the modeled area. 

The January 1992 validation results show that the difference of modeled to measured water elevation 

falls within the 22.0 ft criteria for 56 of 58 monitoring wells. Two wells which fall outside the k2.0 ft 

criteria are monitoring wells GM-61 and GM-17s. These two wells are in the immediate vicinity of a 

production well and recharge basin, and are considered outlier wells and may be biased by the nearby 

pumping and recharge activity. 

Results of the July 1992 validation show that the difference of modeled to measured water elevation falls 

within the 22.0 ft criteria for the majority of the monitoring wells. A total of eight wells fall outside the 

calibration criteria. Five of these wells, GM-61, GM-17S, HN-8D, HN-29D and HN-301, are in the 

immediate vicinity of a production well or recharge basins, which are considered outlier wells and were 
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not included in calculation of mean error because they may be effected by pumping or recharge 

activities. Three monitoring wells, GM-‘/D, GM8S and HN-281 showed a modeled to measured 

difference of greater than k2.0 ft. The remaining 51 of 59 monitoring wells fall within the +2.0 ft criteria. 

10.1.7 Particle Tracking 

MODPATH, a module of MODFLOW, was used to track the locations of particles after a simulated 

release of contaminants from suspected source areas. Particle tracking was performed to determine 

the possible directions and rates that contaminants will move after a release. Several particle tracking 

scenarios were performed, each under a different pumping condition of Grumman production wells and 

recharge basins, and with different BWD well pumping rates. The particle tracking program MODPATH 

utilizes the groundwater flow data generated by MODFLOW and simulates advective transport of 

particles. Other contaminant transport parameters such as diffusion, dispersion, contaminant half-life 

are not considered in the MODPATH simulations. All MODPATH simulations were performed using the 

aquifer parameters determined during model calibration, for pumping scenarios run to a steady-state. 

Particle tracking analysis is used to trace out flow paths, expressed as lines, by tracking the movement 

of infinitely small imaginary particles placed in the flow field. This process may also be used to 

determine the capture zone of a well by releasing particles in a grid block, generally a well, and tracking 

the particles in reverse along pathlines to determine their source. 

Particle Release Locations 

Particle tracking analysis was performed for three separate release locations, listed below: 

. Particles were released from possible contaminant sources at Site 1. 

. Particles were released from possible contaminant sources at the NWIRP recharge 

basins. 

. Particles were also released at the eastern BWD wells (BP-07, BP-08 and BP-09) 
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Particle tracks from the two potential source areas (Site 1 and the NWIRP recharge basins) were 

tracked in the foward direction to determine where particles will move after a simulated release. 

Particles were released from each of the three BWD wells to the east of the NWIRP. These particles 

were backwards tracked to determine where they originated from and to define the capture zone of each 

well. 

Pumpino Scenarios 

Three pumping conditions were considered for particle tracking simulations. These pumping conditions 

were determined based on past, current and potential future pumping configurations at the Grumman 

production wells, recharge basins, and BWD wells. The emphasis of these simulations was to determine 

where particles will move after a release from potential contaminant sources and what effect, if any, 

these potential contaminant sources will have on BWD wells. The pumping scenarios are summarized 

in Table 10-l. 

Current conditions 

Current conditions were simulated in order to determine where contaminants may be moving under the 

pumping conditions that exist currently. Production well pumping rates for current conditions at the 

Grumman site were determined from 1991 and 1992 average pumping rate data. BWD wells production 

rate data was determined from 1991 and 1992 average pumping rate data. The BWD wells were 

considered to be pumping at 120% of 1991 and 1992 rates, and well BP-09 was considered to be active 

akhough it was taken off-line in 1991. These assumptions represent conservative estimates of the 

current conditions at the BWD wells. Three recharge basins were considered to be active on Hooker- 

Ruco property, recharging the aquifer at a rate of 202 gpm per basin (the rate determined during model 

calibration). 

Figures which illustrate the particle tracking pathlines for the current pumping situation are provided in 

Section 8.0 of this Appendix. 
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TABLE 10-l 

SUMMARY OF PUMPING CONDITIONS USED IN PARTICLE TRACKING SIMULATIONS 

NWIRP BETHPAGE, NEW YORK 

Pumping Scenario Grumman Production 

Well I Recharge Basin 

Pumping Rate 

BWD Wells 

Pumping Rate 

Current Conditions 

High Pumping at 

Grumman, 

Scenario 1 

Scenario 2 

No Pumping at 

Grumman, 

Scenario 1 

1991, 1992 average 1991, 1992 average 

pumping rate/recharge rate pumping rate 

All wells at 75% of 1991, 1992 average 

maximum pumping pumping rate 

rate/recharge rate 

All well at 75% of maximum Maximum pumping 

pumping rate/recharge rate rate 

No pumping or recharge 1991, 1992 average 

pumping rate 

Scenario 2 No pumping or recharge Maximum pumping 

rate 

~ Reason Considered 

Current average conditions. 

Likely historic conditions. 

Potential worst case historic 

conditions. 

Potential future scenario. 

Potential future scenario. 
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Particle Tracking Results and Conclusions - Current Conditions: 

. All particles released from Site 1 under current pumping conditions are captured by 

Grumman PW-01. 

. Particles released from the NWIRP recharge basins show that 30% of particles released 

are captured by Grumman production wells PW-01, PW-09, PW-10, PW-1, PW-15 and 

PW-16. The remaining 70% of the particles flow to the south constant head boundary. 

No particles from the NWIRP recharge basins are captured by BWD wells BP-10 or BP- 

11. 

. The capture zone for BWD wells BP-07, BP-08 and BP-09 extends into the north constant 

head boundary. 

High Pumping Conditions 

The high pumping conditions were simulated to determine where particles may have moved from 

contaminant sources during past pumping conditions. Before 1985 higher rates of pumping/recharge 

at the Grumman production wells and recharge basins may have occurred due to the increased 

manufacturing activity at the facility. High pumping conditions at Grumman were simulated by pumping 

all 14 production wells at 75% of maximum capacity. Three recharge basins were considered to be 

active on Hooker-Ruco property, recharging the aquifer at the rate of 202 gpm per basin (the rate 

determined during model calibration). 

Average and high pumping scenarios at the BWD wells were considered for high pumping conditions 

at Grumman production wells (as shown in Table 10-l). Average BWD well pumping conditions were 

simulated by pumping at the rate determined from 1991 and 1992 average pumping rate data. The 

BWD wells were considered to be pumping at 120% of 1991 and 1992 rates, and well BP-09 was 

considered to be active although it was taken off-line in 1991. These assumptions represent 

conservative estimates of the current conditions at the BWD wells. High pumping conditions at the BWD 
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wells were also simulated. In this scenario all BWD wells were pumping at their actual (highest) 

capacity. 

Particle Tracking Results and Conclusions - Grumman High Pumping Conditions, BWD Wells at 

Average Pumping Conditions 

. All particles released from Site 1 are captured by PW-14 and PW-05. 

. 73% of particles released from the NWIRP recharge basins are captured by the 

Grumman production wells, 24% reach the south constant head boundary, while 3O/d of 

particles reach BP-08 from the NWIRP recharge basins. 

. The capture zones for BWD wells BP-07, BP-08 and BP-09 extend primarily into the 

north constant head boundary. Some particles originate in the vicinity of the NWIRP 

recharge basins. Three particles (4% of total) move from the north recharge basins to 

BP-08, while two particles (3% of total) move from northwest of the NWIRP recharge 

basins to BP-09. 

Particle Tracking Results and Conclusions - Grumman High Pumping Conditions, BWD Wells at 

High Pumping Conditions 

. All particle released from Site 1 are captured by PW-14 and PW-05. 

. 65% of particles released from the NWIRP recharge basins are captured by Grumman 

production wells, with 2% reaching the south constant head boundary. BWD well BP-l 1 

receives 19%, BGD-1 receives 7%, BP-08 receives 6% and BP-09 receives 1% of the 

total particles released. 

. The capture zones for BWD wells BP-07. BP-08 and BP-09 extend primarily into the 

north constant head boundary, although 8% of particles move from the Grumman north 

recharge basins to BP-08. 
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No Pumping Conditions at Grumman Production wells and Recharge basins 

No pumping conditions were simulated to determine how contaminants would move if Grumman 

production wells and recharge basins were inactive, and no pumping activity was occurring at the 

Grumman site. For this pumping scenario, all Grumman production wells and recharge basins were 

inactive. Recharge basins on Hooker-Ruco property were considered inactive. Two separate scenarios 

were considered for past pumpage conditions at the BWD wells during no pumping conditions at the 

Grumman site (as shown in Table 10-l). Average pumping conditions and high pumping conditions 

for the BWD wells were simulated. These two pumping conditions for the BWD wells are the same as 

those used for the high pumping conditions at Grumman production wells and basins. 

Particle Tracking Results and Conclusions- No Pumping at Grumman, BWD Wells at Average 

Pumping Conditions 

. Particles released from Site 1 move to the south constant head boundary. 

. The capture zone for BWD wells BP-07, BP-08 and BP-09 extends into the north constant 

head boundary. 

Particle Tracking Results and Conclusions - No Pumping at Grumman, BWD Wells at High 

Pumping Conditions 

. 42% of the particles released from Site 1 were captured by BP-lo, and 58% were 

captured by BP-1 1 

. The capture zone for BW wells BP-07, BP-08 and BP-09 extends into the north constant 

head boundary. 
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10.1.8 Sensitivitv Analvsis 

Sensitivity analysis is the process of characterizing the effects of changes in model parameters on the 

behavior of the calibrated model. Sensitivity analysis for the groundwater flow model included increasing 

and decreasing aquifer parameters incrementally and comparing the resulting changes in modeled 

heads to the calibrated values of head. The magnitude of change in heads from the calibrated solution 

is a measure of the sensitivity of the solution to that particular parameter. Additional discussion of 

sensitivity analysis procedures and results are presented in Section 9.0. 

Horizontal hydraulic conductivity values were increased and decreased by 25% and 50% for the 

sensitivity analysis. Sensitivity analysis results for hydraulic conductivity show that a decrease of 50% 

results in a significant increase in both mean error and absolute residual, indicating the model results 

are sensitive to an decrease of greater than 25% of horizontal hydraulic conductivity compared to 

calibrated values. The model results are not highly sensitive to an increase of up to 50% or a decrease 

of up to 25% for horizontal hydraulic conductivity. However, while the model results may not be highly 

sensitive to changes in horizontal conductivity of this magnitude, these changes do produce less 

favorable solutions than the calibrated model. 

Vertical hydraulic conductivity values were increased and decreased by 25% and 50% for the sensitivity 

analysis. Sensitivity analysis results show that the model is sensitive to a decrease of greater than 25% 

of vertical hydraulic conductivity. The model results are not highly sensitive to an increase of up to 50% 

and a decrease of up to 25% for vertical hydraulic conductivity. However, while the model results may 

not be highly sensitive to changes in vertical hydraulic conductivity of this magnitude, these changes do 

produce less favorable solutions than the calibrated model. 

Storage values were increased and decreased by 25% for the sensitivity analysis. Storage values are 

used by MODFLOW only during transient simulations, therefore the effects of the sensitivity analysis 

results were determined by comparing the calibrated timedrawdown curves to the sensitivity analysis 

curves for the pump test #l simulation. These curves indicate that the model results are sensitive to 

an increase of greater than 25% of the storage value and that the model is less sensitive to a smaller 

increase in storage of 25% or less. 
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Porosity values were increased and decreased by 25% for the sensitivity analysis. Porosity values are 

not used in the flow model, although they are incorporated into the particle tracking module MODPATH. 

Changes in porosity will not effect particle flow direction but will effect the travel time of the particle. 

Results show that there is a direct relationship between the porosity and the travel time of a particle 

moving through the aquifer. A 25% increase or decrease in porosity results in the same amount of 

change in the total travel time of a particle through the aquifer. 

Recharge values were increased and decreased by 25% and 50% for the sensitivity analysis. Changes 

in the recharge to the system exhibit a linear relationship to the mean error and absolute residual 

values, with an equal amounts of mean error increase and absolute residual error increase being 

incurred regardless of weather recharge is increased or decreased. 

To determine the effect of more distant boundaries on the capture zone of the eastern BWD wells (BP- 

07, BP-08, BP-09) the northern constant head boundary conditions in the MODFLOW model were 

moved 1400 ft to the north, a 40% increase in the distance from the BWD wells to the north constant 

head boundary. The results of the sensitivity analysis show that under average or high pumping 

conditions at the BWD wells the capture zone of these wells is not significantly increased if the north 

constant head boundary is moved 1400 ft north. 

10.1.9 Summaw of Modelinn Results 

The computer modeling performed for the NWIRP site accurately simulated water levels in 56 of 61 

monitoring wells in the February, 1992 pumping condition and,accurately simulated water levels in 55 

of 61 monitoring wells in the August, 1992 pumping condition. The wells which fell outside the 

calibration criteria are in the immediate vicinity of active production wells or recharge basins, which may 

account for these disparities. Statistical analysis (linear regression and residual contour plots) 

performed on the calibrated steady-state model data indicates a nearly direct correlation in modeled and 

measured values of head, and that no significant trends exist in the distribution of model error. 

Model simulation of pumping test #l showed very similar results to data measured during the pumping 

test. A comparison of measured and modeled drawdowns (in the pumping well and the observation 

wells) shows very close agreement of measured and modeled data. In addition, the time-drawdown 
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curves for modeled and measured data exhibit very similar results. The simulation of pumping test #2 

was more difficult because of the small amounts of drawdown produced in the observation wells and 

due to the size of the model grid-blocks. Model simulations were within 1 .O ft of measured drawdowns 

for pumping test #2. 

During model validation, the model was used to simulate water elevations for two months of data. The 

model accurately predicted water levels in 59 of 61 monitoring wells in the January, 1992 pumping 

condition and accurately simulated water levels in 54 of 61 monitoring wells in the August, 1992 

pumping condition. 

Sensitivity analysis was conducted for all aquifer parameters. Results indicate that the model is not 

highly sensitive to increases in horizontal or vertical hydraulic conductivity of up to 50% of calibrated 

values. The model showed significantly increased error if horizontal or vertical hydraulic conductivity 

were decreased more than 25% from calibrated values. Time-drawdown curves for shallow monitoring 

wells indicate that the model is sensitive to and increase in storage of 25%. Recharge and porosity 

exhibit linear (predictable) effects on model output. Sensitivity analysis indicates that moving the north 

constant head boundary 1400 ft to the north does not have a significant effect on the capture zones of 

the BWD wells BP-07, BP-08 and BP-09. 

Tables 1 O-2 and 10-3 summarize particle tracking results from Grumman production wells and BWD 

wells, and when these wells are effected by particle releases. Particle tracking indicates that under 

current pumping conditions particles released from Site 1 will be captured by Grumman production wells, 

and BWD wells will not capture particles from the NWIRP recharge basins. Under high pumping (past) 

condittons at Grumman and average BWD rates, Site 1 particles are captured by Grumman production 

wells. A small number of particles may effect BWD well BP-OS, and to a lesser extent, BWD well BP-09. 

If Grumman production wells and BWD wells pump at a high rate for sustained periods (as simulated 

by the steady-state model), all Site 1 particles are captured by Grumman production wells, and 19% of 

the particles released may move from the NWIRP recharge basins to BWD wells. These pumping 

condittons may have occurred for short time periods in the past, although the high pumping conditions 

may not have continued for extended periods of time as simulated in the steady-state model runs. 

Assuming no Grumman production well or recharge basin activity and average pumping conditions at 

the BWD wells, Site 1 particles move to the southern constant head boundary, and the capture zone 
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TABLE 10-2 

SUMMARY OF PARTICLE TRACKING RESULTS 
NWIRP BETHPAGE, NEW YORK 

Grumman BWD Particle Release Number Percentage of Particles Reaching Each Location 
Pumping Pumping Location of Particles 

Conditions Conditions Released L 
Grumman Min./Max. Constant Min./Max. BWD MinJMax. 
PWIBasins Travel Time Head Travel Time Wells Travel Time 

Current Current Sne 1 40 100 % 1401535 0% 0 0% 0 
Conditions CondRtons . 

Recharge Basins 96 30% 2.4 I 13.8 70% 20.4 155.5 0% 0 

BWD Wells (1) 72 0% 100% 1.7 121.6 

Site 1 48 100% 3.8 Ill.8 0% 0% 0 
High Average 

Recharge Basins 96 73% 0.8 I 40.4 24% 20.7 158.2 3% 10.4 124.1 

BWD Wells (1) 72 7% 7.4 110.6 93% 1.6 I 34.9 

Site 1 48 100% 40 Ill.6 0% 0 0% 0 
W W’ 

Recharge Basrns 96 65% 0 El 130.3 2% 30 9 169.9 33% 7.4 149.5 

BWD Wells (1) 72 8% 7.11 115.4 92% 1.2 I 26.6 

Sfte 1 48 0% 0 100% 49.7 158.5 0% 0 
No Average 

Pumping Recharge Basins 0 

(2) 

No 
Pumping 

High 

BWD Wells (1) 

Stle 1 

Recharge Basins 

(2) 

72 0% 0 100% 2.8 I 18.8 

40 0% 0 0% 0 100% 40.0 I 58.0 

0 __ 

BWD Wells (1) 72 

(1) Capture zone analysis performed for BWD wells 

(2) Recharge basins inactive during No Pumping conditions. 

0% 0 100% 1.7 I 30.9 

-. 



TABLE 103 

SUMMARY OF FORWARD TRACKING RESULTS 

NWlRP BETHPAGE, NEW YORK 

Y= 

s= 

Well is effected by particles from release source (well captures more than 5% of the total amount of particles 

released 

Well IS slightly effected by particles from release source (well captures less than 5% of the total particles 

released). 

N= Well IS not effected by particles from release source 

Grumman 

Pumping 

Rate 

BWD Wells 

Pumping 

Rate 

Particle 

Release 

Location Grumman 

Production 

Wells 

Wells Effected 

Eastern BWD Southern 

Wells BWD Wells 

(BP-7, BPS, @P-10, P-11) 

BP-g) 

Current Average Site 1 Y N N 

Conditions 
NWtRP Basins Y N N 

High Pumping Average Site 1 Y N N 

NWlRP Basins Y S N 

High Pumping High Site 1 Y N N 

NWIRP Basins Y Y Y 

No Pumpmg Average Site 1 N N N 

No Pumping High Site 1 N N Y 
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of the BWD wells is not effected by NWIRP recharge basins. Under high BWD well pumping 

rates, particles released from Site 1 are captured by BWD wells BP-l 0 and BP-l 1. 
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PUMPING TEST # 2 

SUMMARY OF GEOLOGIC CONDITIONS 



BETHPAGE PUMPING TEST #2 

Pumping Well PW-11 

Pumping Rate= approximately 890 gpm 

Drawdown from 0.0 to 4259.0 minutes 

Recovery from 4250.0 to 9700.0 minutes 

The second pumping test performed at Bethpage involved pumping production well 11 at a rate of 

approximately 890 gpm for a period of approximately 3 days and monitoring nearby production and 

monitoring wells for drawdown. The data generated from the test was of questionable usefulness in 

general due to a combination of factors. 

The drawdown data from the pumping well reflected a much greater drawdown than actually occurred 

in the aquifer adjacent lo the well during the test, due to a combination of partial penetration and well 

efficiency effects. 

Drawdown data from the nearby production wells used as observation wells was not of sufficient 

resolution to measure the small changes in drawdowns that may have occurred, as the devices used to 

measure drawdowns (air pressure gauges) were calibrated in two foot intervals and the actual drawdowns 

in the wells (if any) were significantly less than 2 feet. 

Some slight drawdown effects were noted in the nearby monitoring wells (less than 0.2 feet). These 

wells are screened at much higher depths than PW 11 and the resulting partial penetration correclions 

are substantial. In addition, there are strong influences of cyclical pumping from an outside well evident 

in the water level data from these wells. As a result of this combination of factors, the quality of the 

monitoring well data is questionable for use in a detailed analysis. 

The data analysis approach taken to evaluating this test is to develop an assumed real drawdown level 

in aquifer adjacent to the pumping well, considering partial penetration effects and the water level 

Pump Test #2 Summary, pg-1 



response to the early stages of pumping and recovery, and using this drawdown at the well as the basis 

for a distance-drawdown approximation of the aquifer transmissivity. From the lack of measurable 

drawdown response nearby production wells, we know that the drawdown in the nearest production well 

was probably one foot or less. Also, the monitoring wells that exhibited slight drawdowns due to pumping 

confirm the minor amount of drawdown that occurred at distance from the pumping well. Using these 

assumptions and the Jacob semilog distance-drawdown analysis approach, an approximate overall 

tmnsmissivity was obtained for the aquifer of approximately 60,000 f&day. 

Pump Test #2 Summary, pg-2 
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’ 1 PUMPING TEST DATA SHEET NUS CORPORATION 

PROJECT NAME: Baw PW.F MEASURED WELL: Pw-1 I 

PROJECT NO.: 1953 DATE: I/ts!S? PUMPING WELL: Pw -1 I 

GEOLOGIST: Corn\ IR06MPdKILMAtX~ hJ CHECKED:- TEST NO.: 
DISTANCE FROM PUMPING WELL(fti)(r): 

I’?- 2 
PUMP SETTING, FEET BELOW MONITORING POINT: . 

STATIC Hz0 LEVEL (ft.)&): MONITORING POINT: 

TIME PURGE START OR STOP (to): ELEVATION OF MONITORING POINT (ft. above MSL): 

WATER LEVEL 
TIME 

(t) MIN. 
SINCE 

(s) DD Or PUMPING 
MEASUREMENTS (ft.) RECOVERY RATE 

REMARKS @Pi 

PUMP x&o fltLs4JeE- GAUGE 
START OR READING CORRECTION 

(ft.) (0) 

STOP 
DW CPM 

To Twz eGalW6G 



’ PUMPING TEST DATA SHEET 

PROJECT NAME: 

STATIC Hz0 LEVEL (ft.)(fd: 

TIME PURGE START OR STOP (ttd: 
I 

NUS CORPORATIO.. 

MEASURED WELL: Ri, I I . _ 

ATE: “‘;;,!;:D” PUMPING WELL: Pw I I 
. . TESTNO.:x - 1 

PUMP SEl7lNC. FEET BELOW MONITORING POINT: . - 
MONITORING POINT: 

ELEVATION OF MONITORING POINT (ft. above MSL):- _ 
f 

TIME 
(1) MIN. 
SINCE 
PUMP 

START OR 
STOP 

2lw 400 

REMARKS 
Poje l _ 

c 
1 

s3* 00 2G. 50 

33.00 2b.50 

34.00 -25.50 

3 a3 as. so 

-.3q-25 as.25 

34.25 25.23 

34#25 25.z5 t 



PUMPING TEST DAl=A SHEET 

PROJECT NAME: !3ETuw& 
i 

NUS CORPORATION 

MEASURED WELL: PIN 1 I 

PROJECT NO.: 1953 DATE:- PUMPING WELL: pw 11 

GEOLOGIST:>cI hl t PO) CHECKED: TEST ND.: t7 2 
DISTANCE FROM PUMPING WELL(k)(r): PUMP SETTING, FEET BELOW MONITORING POINT: 

STATIC Hz0 LEVEL (ft.)(lo): MONlTORlNG POINT: 

TIME PURGE START OR STOP (t,,): ELEVATION OF MONITORING POINT (ft. above MS): 

, 

I 

I 
1 / 1 
, - 

7 i 
oc 

L 

rC 

c 
P 

c 

c 

I 

I 

I 

Ii 

1s 

I’ 

. 
I: 

I! 

I! . 
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I! 
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’ NUS CORPORATI~ 

PROJECT NAME: T~ETMPF+ bE 
PROJECT NO.: \9s3 
GEOLOGIST: CON+ \ 1 NI MM= 

DATE: l/20/93 

CHECKED: 

MEASURED WELL: p W I \ . ,_ 

PUMPING WELL: P\N I 1 

TEST NO.: m - i 

DISTANCE FROM PUMPING WELL(ft.)(r): PUMP SETTING. FEET BELOW MONITORING POINT: 

STATIC Hz0 LEVEL (ft.)&,): MONITORING POINT: 
, - 

TIME PURGE START OR STOP (to): 

TiME 
(t) MIN. WATER LEVEL (I) DO Or PUMPING 
SINCE MEASUREMENTS (ft.1 RECOVERY RATE 

REMARKS &e k 

PUMP 
START OR (ft.) (cl) 

READING CORRECTION 
STOP 

ow CPM 

L- 
a= a25 5yjQ 45 

30 s-25 II 

I’ 

93 54.25 II 

3 ‘3 54.50 - 0 

0 .- 

~~~~~~~~ _ 

100 
- 

200 sL53 3 

54.3 59.5s 0 ,- 

ELEVATION OF MONITORING POINT (ft. above MSL):- _ 

L 

c& 
I 

I 
1 

.UJU 

- 
I 

:&A-r\ Yso’ c(clf) 



PUMPING TEST 112 

DRAWDOWN AND RECOVERY DATA 



Orawdown 

SW TOW 

Ttme (min.) Tfme (min.) 

0 0 0 

0.5 0.1 -22.5 

1 1 -24 

3 3 -26.21 

5 5 -20.5 

7 7 -27 

10 10 -26.5 

12 12 -26.5 

16 16 -26.75 

20 20 -26.75 

25 25 -26.75 

30 30 -26.75 

35 35 -26 

40 40 -26 

SO 50 -26.5 

60 60 -28 

70 70 -27.75 

60 80 -27.75 

SO SO -27.75 

100 too -26 

120 120 -27.75 

160 160 -26 75 

200 200 .25 5 

250 250 .25 5 

300 300 -25 5 

350 350 -25 5 

400 400 -25 

500 SW -25 

600 600 -25 5 

700 700 -2s 

600 800 -25 

SW SW -25 5 

1000 1000 -25 5 

1100 1100 -25 

1200 1200 .26 5 

r3w 1300 -26 5 

1400 1400 .25 5 

1500 1500 .25 5 

1600 1600 .25 25 

1fW 1700 -25 25 

1000 1800 .25 25 

low 1900 -25 25 

2ooo 2Wo -25 25 

2lW 2100 -25 25 

2200 2200 -25 25 

2300 2300 -25 5 

2400 2400 -25.25 

2500 2500 -25 25 

2600 2600 -25 25 

2700 2700 -25 

26W 2mo -25 25 

too0 29900 -25 

3Wo 3Wa -25 5 _- 

3100 3100 .25.25 

Pw-1 1 

Drawdown (fl 



Pw-I1 

St* Total Drawdown (n) 

Tim0 (min.) Tim0 (min.) 

3200 3200 -25.25 

3300 3300 -25 

3400 3400 -2s 

3soo 3500 -25.25 

3wo NW -25 

3700 3700 -2s.25 

3600 3aW -25.25 

3900 5900 -27.1 

l ow 4ow -27.25 
4100 4100 -25.25 

4200 4200 -2s.25 

43w 4300 -25.25 

0 4300 -25.25 

0.5 4300.5 -16.25 

1 4301 -7.5 
1 .s 4301 .I -2.2s 

2 4302 -2 

2.5 4302.5 -1 .s 

3 43w -1 .s 

3.5 4303.5 -1.25 

4 430( -1 25 

4.5 43D1.5 -1.2S 

5 4305 -1 

7 4307 -1 
10 4310 45 

12 4312 05 

15 4315 0.25 

18 4318 0 23 

20 4320 025 

22 4322 0 25 

2s 4325 425 

30 4330 0 25 
35 433s 0 25 
40 4340 0 2s 
50 4350 0 



BETHPAGENWRP 

PUMPlNGTESTt2 

PUMPlNGWELL:PRODUCnONWELL11 

PUMPlNGRAlE:~OGPM 

DRAWDOWN 

STEP TOTAL 

nhdE TIME 

o.ow o.ow 

0.017 0.017 

0.033 0.033 

0.050 0.060 

0.067 0.067 

0.083 0.083 

0.100 0.100 

0.117 0.117 

0.133 0.133 

0.150 0.150 

0.167 0.167 

0.183 0.163 

0.200 0.200 

0.217 0.217 

0.233 0.233 

0250 0.250 

0.267 0.267 

0.263 0.263 

0.300 0.300 

0.317 0.317 

0333 0.333 

0417 0.417 

0500 0500 

0583 0.583 

0667 0667 

0750 0.750 

0833 0833 

on17 0917 

1000 1 .ow 

too0 2.000 

3mO 3mO 

4000 4000 

sow sow 

do00 6.ow 

7000 7.000 

6ow 8ooo 

oooo oooo 

10000 loo00 

12000 12000 

14 ow 14000 

10000 lO.ooO 

18 ow 16.000 

2omO 20.000 

22000 22.000 

24 000 24.000 

26000 26.000 

26000 26.000 

3OOW 30.000 

32000 32.000 

34wo 34.ow 

36Om 36.000 

5aooo 38.ow 

4ooiJo l o.OOa 

HN25S HN251 HN25D l-IN261 HN26D HNPBI HN261 HN27S2 HN27l2 

O.W6 
0.008 

0.006 
0.006 

0.008 

0.006 

0.006 
0.008 

0.005 
0.006 
0.006 
0.006 
0.006 
0.006 

0.006 

0.008 
0.006 

0.006 
0.006 

0.006 
0.006 

0.006 

0.003 
0.003 
0.006 
0.006 
0.003 
0.006 

0.008 

0006 
0001 
0008 

OW3 
0003 

0003 

0000 
0.000 
0000 

0.003 
0.003 
0000 

0.000 

0.003 
0.000 
0.000 

0.003 
0.003 

0.003 
0.003 
0.003 
0003 
0.006 

0.047 

0.047 

0.0(7 

0.047 

0.047 

0.047 

0.017 

0.056 

0.047 

0.047 

0.050 

0.047 

0.047 

0.086 

0.047 

0.047 

0.047 

0.047 

0.017 

0.047 

0.047 

0047 

0047 

0.047 

0.017 

0047 

0.047 

0047 

0.056 

om7 

0.047 

0037 

0.037 

0028 

0025 

0025 

0018 

0018 

0009 

0006 

0000 

0000 

-0009 

ow6 

0.016 

4.015 

0.028 

0.028 

0.028 

0.037 

0037 

0037 

0.063 

a063 

0.063 

4.063 

0.063 

0.063 

-0.063 

0.063 

-0.063 

0.063 

0.063 

0.063 

0.017 

0.063 

0.063 

0.047 

0.047 

0.063 

0.063 

0.047 

0.063 

4047 

6047 

0063 

0.063 

a047 

0047 

0063 

0.063 

0063 

0063 

00&3 

0 078 

0064 

-0094 

0110 

0126 

0 141 

0 141 

0157 

0160 

-0188 

0205 

0220 

0.220 

a.236 

0.236 

0.252 

0.252 

0.265 

0.266 

4i68 

0.047 

0.047 

0.047 

0.031 

4.031 

-O.Wl 

a031 

-0.031 

0.031 

0.031 

-0.031 

0.031 

O.oJl 

0.051 

0.031 

0.031 

0.015 

-0.015 

-0.015 

0.015 

0.015 

-0.031 

0.015 

0.015 

0.015 

0.031 

-0.031 

-0.031 

0.031 

0.631 

0.031 

-0.031 

-0.031 

0.031 

0031 

0047 

0063 

0047 

0070 

-0070 

0064 

0.110 

0.110 

0126 

0.142 

0.142 

a.142 

0.157 

4173 

a.173 

0.173 

-0.173 

0.026 

Q.028 

0.032 

4.026 

0.032 

-0.052 

-0.032 

-0.032 

-0.032 

0.632 

0.032 

Q.035 

0.052 

0.035 

-0.032 

0.032 

0.032 

0.032 

.a035 

0.032 

-0.035 

-0.032 

-0.032 

0.032 

0.035 

-0.032 

.a032 

-0.032 

-0.026 

-o.oxl 

4.029 

-0.029 

0.052 

0.026 

0.026 

0035 

0.032 

-0032 

0.032 

0.032 

-0035 

0.038 

0.038 

0.045 

0.051 

Q.058 

0.061 

a.067 

-0.067 

4.077 

-0.080 

-0.067 

0.151 

0.151 

0.151 

0.151 

0.151 

0.151 

0.151 

0.151 

0.141 

0.141 

0.141 

0.141 

0.151 

0.141 

0.141 

0.141 

0.141 

0.141 

0.141 

0.141 

0.151 

0.151 

0.151 

0.141 

0.151 

0.151 

0.151 

0.151 

0.160 

0.160 

0.170 

0.170 

0.160 

0.151 

0.151 

0.141 

0.132 

0.132 

0.123 

0.123 

0.104 

0.064 

0.094 

0.085 

0.085 

0.075 

0.066 

0.056 

0.056 

0.047 

0.047 

0.047 



BETHPAGE NWIRP 

PUMPING TEST +2 

PUMPING WELL PROOUCTION WELL 11 

PlJ5MNG RATE: 860 CPM 

STEP TOTAL 

TIME TIME 

42.000 42.OOc 

u.ow u.wc 

46.OW 46zOW 

46.000 46.WC 

50.000 w.wc 

52.000 52.OOc 

54.ow M.wa 

S6.ooO S6.WC 

58.oOa 58.OOc 

6o.wa w.wc 

62.ow 62.ow 

M.ow M.ooa 

M.wo 66.wa 

Mwo 66.wa 

7o.Om 7o.ma 

72 000 72.wa 

74.000 74.000 

76.ooO 76.000 

78.000 76.ooO 

wow 6o.ow 

62mO 82.ow 

Mwo w.wo 

86000 MOW 

Mow Mow 

60000 WOW 

62 ooo 62.000 

Mow Mow 

06000 66000 

68ow 68ow 

lWw0 lWOO0 

120000 12OooO 

14oOm 140000 

1WoooO 100000 

180000 16OoooO 

2wwo 2wow 

220000 22oow 

240000 24OooO 

z6oow 26o.ow 

280000 280000 

lWw0 3wow 

12oooo 32oow 

l4oow YOOW 

160ow 86oow 

18oow 36oow 

1wwo 4wooo 

120000 420.000 

uoow 44o.mO 

woow 46O.ooo 

88oow 46O.ooo 

5wwo swow 

520000 52O.Om 

54oow wo.ow 

56Om 564.000 

HN2SS HN25l HN2SD HNZOI HNZOD HN261 HN26l HN27S2 HN27l2 

___l- I _ .._ . . ..__ 
0.037 

aa37 

0.037 

0.037 

0.037 

0.037 

0.637 

Q.QI7 

o.oJ7 

-0.037 

aw7 

am7 

0.047 

0.057 

6.047 

O.037 

0.037 

0.037 

0.037 

0.037 

0.637 

0.637 

0037 

0037 

0028 

a.020 

0028 

o.a37 

0028 

0.028 

-0.028 

0018 

0028 

0028 

0028 

0637 

0037 

4037 

0037 

0037 

0037 

0637 

0037 

0.037 

0028 

0.037 

0.037 

0.037 

o.m8 

0037 

oa37 

0028 

0028 

a.268 

-0.268 

a.?- 
0.266 

0.268 

0.266 

0.2S2 

a.266 

0.252 

0.252 

a.252 

0.252 

0.2S2 

0.2S2 

6.252 

*.2s2 

0.238 

a.236 

a.236 

0.238 

0.238 

0 236 

0 220 

a 220 

a 220 

a22a 

4220 

a220 

a2w 

a.205 

otn 

0.157 

a 157 

a 141 

a 141 

a 141 

0 126 

a 110 

a 110 

0110 

a 110 

0110 

aw4 

0001 

-0aM 

0 078 

0 078 

0.078 

-0 078 

0.078 

0.078 

0.078 

0.378 

0.104 

-0.104 

0.113 

0.113 

0.113 

0.123 

0.132 

-0.132 

0.123 

0.132 

-0.132 

0.142 

0.142 

0.142 

a.151 

0.151 

0.151 

0.151 

0.161 

0.161 

0.161 

0.161 

0.161 

0.161 

0 161 

0.181 

a 170 

0.161 

-0 170 

0 161 

0.170 

a I70 

0160 

0160 

-0180 

0180 

0180 

al- 

0186 

0188 

0160 

0180 

OlBQ 

0180 

a18a 

0.180 

0.180 

0.180 

0.180 

a.160 

0.180 

O.lW 

a.180 

0.166 

0.169 

0.166 

a.205 

0.2OS 

0.205 

-0.205 

0.221 

0.221 

0.2oS 

-0.221 

0.221 

0.221 

0.221 

0.221 

-0.221 

0.221 

0.221 

a.236 

0.236 

4.221 

0.236 

0.236 

0.236 

0.236 

0.236 

0.236 

0.236 

0.236 

0.221 

0.236 

0.236 

0.236 

0.236 

0.236 

a 252 

0 252 

0.252 

a 252 

0 252 

0 252 

a 252 

0.252 

0 236 

0 236 

0.236 

0.236 

0.236 

0.238 

0.236 

0.221 

a221 

0.221 

0.080 

0.083 

0.100 

0.103 

0.103 

0.110 

0.113 

-0.116 

0.110 

0.122 

0.126 

0.126 

0.132 

0.132 

0.132 

-0.139 

0.135 

0.142 

0.142 

0.145 

0.145 

-0.145 

0.145 

0.148 

0.148 

0.148 

6.148 

-0.152 

0.152 

0.152 

-0.148 

0.152 

0.152 

0.148 

0.148 

0.155 

0.152 

0.15s 

Q 155 

-0 158 

O.lSS 

a.155 

0.152 

0.152 

4.152 

0.155 

4.148 

0.145 

0.14s 

0.148 

-0.145 

0.145 

0.142 

0.038 

0.638 

0.056 

0.058 

0.038 

0.@38 

0.026 

0.026 

0.028 

0.028 

0.028 

0.028 

0.028 

0.016 

0.016 

0.018 

0.026 

0.018 

0.016 

0.018 

0.016 

0.018 

0.018 

0.018 

0.028 

0.028 

0.018 

0.018 

0.028 

0.018 

0.028 

0.028 

0.038 

0.038 

0.038 

0.038 

0.038 

0.038 

0.038 

0.038 

0.038 

0.038 

0.047 

0.047 

0.047 

0.047 

0.047 

0.047 

0.017 

0.047 

0.047 

0.047 

0.047 



BETHPAGE NWIRP 

PUMPING TEST 4’2 

PUMPING WElL: PRODUCnON WELL 11 

PUMPING RATE: boo GPM 

STEP TOTAL 

nME TIME 

560.000 66o.ow 0.041 -0.028 

6w.ow 6w.ow -0.044 0.028 

62o.ow 62o.ow 0.044 -0.637 

MO.ow MO.ow -0.041 4.037 

66o.ow 66o.ow 0.047 0.057 

68o.ow 68o.ow -0.047 4.037 

7w.000 7w.ow 0.044 0.028 

72o.ow MO.000 -0.047 -0.028 

740.000 740.000 a.047 -0.028 

760.000 760.000 0.050 0.028 

760.000 7600.000 0.047 0.028 

8w.ow 6w.ow a.047 0.028 

620.000 820.000 aoso -0.028 

MO.ow 84o.ow 4050 -0.028 

Maw0 66o.ow 0.047 0.028 

88oow 880000 -0.050 -0.028 

ewooo ow.ow 0.050 0.018 

D20.000 B20.000 0.053 -0.028 

MO.ow MO.wo Q.053 0.028 

D6oow Meow 0.057 0.028 

Meow Meow 0.060 0.037 

0000601000006 0.057 0.037 

050ow 1050ow 0.083 0.047 

lWoo0 11wooo 0.063 0066 

lSOOO0 1150000 0.063 -0.066 

zwooo 12w.000 0.057 0.086 

250000 12SOOOO 0.053 0086 

1wow 13wOOo 0.060 0.066 

35omO 1350000 -0057 0.066 

1wow 1400000 0.057 0.075 

15oow 1450000 0053 0.066 

5wow lswooo 0053 0068 

meow 15s0000 0053 0066 

swow 1800ow 0063 0068 

8soow l~Ooo0 0060 0068 

7wOoa 17woOo OOS7 OOS6 

75owo 175oOm -0053 -0058 

wow0 1800ooo o.w3 QW8 

550ow 1850ooo o.OS3 0047 

DWOW lowow -0044 0047 

D5Oow 165O.Ow -O.OSO 0017 

Dwow 2,goOOoo a-7 oa37 

wow0 2OSoOOo -0041 0.028 

1wow 2100000 0.038 0028 

150000 2lSOOOO 0.038 0018 

2wooo 2200.000 a.028 Q.wa 

2SOOOO 2250.000 0.034 0.018 

~WOW 23WWO 0.028 0.008 

)SOOOO 2350000 0.034 0.018 

1WWO 24WWO 0.02s o.ow 

150.000 2450000 0.025 awe 

5wwcJ 2swOOO 0028 0018 

550000 2550000 0.02s 0018 

HN25S HN2Sl HN25D HN26l HN29D HN28l HN261 HN27S2 HN2712 

-0.078 0.180 

0.078 0.170 

0.094 0.160 

0.094 0.170 

0.064 -0.180 

0.078 0.170 

-0.084 0.170 

0.141 0.170 

a.126 -0.170 

-0.141 a.170 

-0.126 0.161 

a.126 -0.161 

0.126 a.1 61 

-0.126 0.161 

0.126 0.161 

-0.126 -0.151 

0.126 0.161 

0.141 0.151 

0.126 -0.161 

0.126 0.161 

0.141 0.161 

a.157 0.161 

0180 -0.180 

-02s2 0.189 

-0268 Q.100 

0.315 0.208 

4304 0.199 

0410 0.199 

-0304 0.208 

0410 -0.199 

0.378 0.199 

0.347 0.205 

0299 0199 

031s 0.199 

0283 0.199 

om 0100 

0283 0199 

0268 0100 

0268 -0100 

02S2 -0lW 

0236 0199 

OlW 0180 

0 141 0180 

0 110 0170 

am4 0161 

0078 -0.151 

-0063 0.151 

0.065 0.151 

a047 Q.151 

0.047 0.142 

0.083 0.142 

0047 -0.142 

0~&4 - -0.151 

0.221 -0.145 

0.221 -0.142 

0.221 0.145 

0.221 -0.145 

-0.221 -0.142 

-0.221 -0.142 

0.265 -0.135 

0.205 0.139 

-0.205 -0.135 

-0.205 -0.132 

0.180 0.126 

4.166 0.126 

0.169 4.126 

0.18Q 0.122 

O.lsO a.110 

-0.189 0.119 

a.180 0.110 

0.160 0.110 

-O.lbo -0.119 

-0.169 0.122 

0.18S 0.126 

0.180 0.120 

-0.221 0.139 

a.252 -0.152 

0.286 -0.158 

0.284 O.lS8 

0.265 0.161 

0.284 -0.165 

0.2M -0.165 

0.268 0.168 

0.268 0.165 

0.268 -0.168 

0.265 0.161 

0.268 0.168 

0.268 0.168 

-0268 -0.168 

0.268 0.168 

0.268 -0.161 

0.266 0.168 

0268 AI161 

0.268 0.161 

0252 0.155 

0.236 0.14s 

0.221 a.132 

0.205 -0122 

-0.180 -0.113 

O.loa 0.110 

0.188 0.106 

O.lBS 0.106 

a.173 0.100 

-0.173 0.106 

0.189 -0.106 

-0.205 4.116 

0.047 a.063 0.057 

0.047 Q.wa aOS7 

0.047 -0.069 0.057 

0.047 0.066 0.054 

0.047 -0.072 -0.OS7 

0.047 0.072 -0.054 

0.056 -0.072 4.050 

0.056 O.OTo 0.050 

O.OS6 -0.079 -0.050 

0.056 -0.079 4.050 

0.056 0.076 -0.044 

0.066 Q.OTQ -0.017 

0.066 0.079 0.041 

0.066 -0.062 -0.014 

0.066 O.OrO 0.041 

0.066 -0.085 -O.o(l 

0.066 -0.088 0.044 

0.066 0.061 -0.044 

O.OS6 0.061 0.047 

0.056 0.091 0.050 

0.056 Q.OQ8 Q.054 

0.047 -0.095 0.054 

0.038 -0.098 -0.060 

0.009 -0.101 -0.069 

O.WQ 0.104 a060 

0.000 0.101 0.066 

0.006 4.008 Q.wa 

0.000 0.008 0.063 

Q.ow -0.107 -0.069 

0.006 0.104 0.068 

Q.ws -0.104 o.wu 

0.000 0.107 a.073 

0.009 0.110 0.073 

0.000 -0.117 0.019 

0.006 0.114 0.078 

0.000 -0.114 0.078 

0.018 a.110 0.073 

0.018 a.110 0.073 

0.000 -0.117 -0076 

0.018 -0114 0073 

0.018 -0.117 -0.073 

0.018 -0.117 0.068 

0.028 0.114 Q.OS7 

0.038 -0.114 Al.054 

0.047 -0.114 -0.047 

0.047 -0.110 0.044 

0.038 -0.117 -0.047 

0.047 -0.110 -0.044 

0.038 a.117 0.047 

0.047 0.107 0.041 

0.038 -0.110 0.047 

0.038 0.114 -0.050 

0.028 a114 -0.047 



SEWPAGE NWIRP 
PUMPING TEST #2 

PUMPING WELL PRODUCTlON WELL 11 

PUMPING RATE: BOO GPM 

RECOVERY 

DATA 

STEP TOTAL 

TIME TIME 

26OO.OW 26W.Wo 

265O.WO 2660.000 

2700.600 2700.000 

2750.000 275O.OW 

2800.000 2800.000 

2850.000 28SO.000 

2ew.ooo 2wo.ow 

2650.000 2Mo.ow 

3owow 3000.000 

3osowo 3OSo.OW 

~lW.000 3lW.000 

)lSO 000 3150.000 

5200000 32W.OW 

BZSO OW 325O.WO 

33wow 33w.aw 

us0 ow 3350.000 

uwwo 34w.wo 

54soow 34so.ow 

lswow 35w.000 

1550 ow 3550 ow 

56wwa 36OOOW 

365oow 36SoOoo 

~760000 37wOm 

1750 wo 37so ow 

moowo 38ooooo 

l8sOow 365OOm 

l8Wooo 3ewOOO 

l950ow 365Oooo 

lowow 4OOOmo 

l050ow r-000 

IlWwo 4lWmO 

115OOW 41SOWo 

~2WOOO 42WOOO 

~25OooO 425OOo 

OWO 4250000 

0017 4250017 

0031 4250033 

0050 4250650 

0067 4250067 

0083 4250083 

0100 42~o.lW 

0 lt7 4250 117 

0133 4250133 

0150 42SOlSO 

0167 4250167 

0183 4250163 

0200 42502200 

0217 4250217 

0 233 4250.233 

0250 42502SO 

0 267 4250 267 

0263 4250.263 

0300 42503W 

HN25S HNZSI HN25D HN2Ol HN29D HN28I HN26l HN27S2 HN2712 

0.034 

0.022 

u.ow 

0.015 

0.015 

-0.015 

0.025 

0.025 

-0.034 

0.044 

-0.050 

QOSO 

a.0117 

u.060 

0.063 

0.063 

0.063 

0.066 

0.072 

0 076 

0 078 

0 078 

0 076 

0082 

0085 

0088 

QWS 

QWl 

6085 

0088 

0079 

0 078 

0 076 

aw7 

0.028 

0.028 

0.018 

0.028 

0.637 

0.037 

am7 

-0.047 

Q.OS6 

-0.056 

-0.OS6 

u.oM 

a.-8 

0.056 

0.066 

0.068 

0.066 

0.066 

0056 

OOS8 

a047 

0017 

0058 

0017 

0056 

0085 

-0065 

QO75 

0085 

0 075 

0066 

0068 

0.126 

-0.205 

0.252 

0.220 

0.252 

0.290 

0.283 

4220 

0.186 

0.173 

0.157 

0.128 

0.126 

0.110 

a.110 

0 110 

a.110 

u.004 

6004 

QOM 

0001 

0 078 

0 078 

0 110 

0110 

0110 

0186 

4205 

a220 

0236 

Q205 

otn 

41n 

0.161 

0.170 

0.151 

0.161 

0.151 

0.161 

0.170 

0.160 

0.180 

0.169 

0.1(19 

0.166 

0.180 

0.166 

0.166 

0.166 

9.189 

4.166 

0.166 

0199 

Q.100 

Qlbo 

0169 

4180 

0180 

0.180 

91m 

0205 

QlM 

QlW 

01m 

QIW 

QlW 

0.221 

0.221 

4205 

0.221 

a.221 

0.236 

-0.236 

6.236 

-0.252 

a.268 

0.2S2 

0.2S2 

a2S2 

0.268 

0.268 

0.268 

0.268 

0.266 

0.252 

a2S2 

0.236 

0.236 

0.221 

0.221 

0.221 

0.221 

0.252 

02S2 

0 236 

0.236 

0.236 

0 236 

0.252 

-0.126 

0.119 

0.116 

0.110 

0.126 

0.126 

0.136 

-0.148 

-0.152 

-0.158 

-0.165 

0.158 

-0.165 

0.165 

0.168 

0.165 

-0.171 

0.168 

0.165 

0.161 

0.158 

0.148 

-0.148 

0.142 

0.14s 

0.145 

0.158 

-0.168 

0.1 S6 

4158 

0.158 

0.155 

-0.161 

0.009 

0.018 
0.026 

0.000 

0.009 

-o.ow 

0.010 

-0.016 

-0.010 

-0.028 

0.028 

-0.019 

-0.026 

-0.010 

0.016 

4.028 

-0.028 

0.010 
0.010 

u.010 

u.ow 
0.000 
0.000 

-o.wQ 
-o.ooo 

Q.ooo 
0.037 

0.047 

0.037 

0.047 

0.047 

0.028 

0.037 

-0.114 

0.104 

-0.107 

-0.063 

-0.053 

-0.060 

0.063 

-0.060 

-o.ow 

-0.079 

-0.076 

0.062 

-0.062 

0.065 

0.085 

-0.088 

-0.065 

0.068 

0.065 

0.065 

0.065 

0.008 

0.095 

-0.101 

-0.101 

0.104 

a.110 

0.107 

Q.l0( 

-0.107 

0.101 

0.101 

0.104 

0.064 

0.047 

0.047 

0.054 

-0.050 

-0.060 

u.om 

Q.OF 

-0.079 

0.002 

0.060 

0.062 

0.065 

0.062 

0.005 

-0.104 

-0.101 

0.101 

0.101 

-0.101 

0.068 

-0.08s 

0.098 

0.101 

-0.068 

0.101 

0.117 

-0.120 

4.114 

0.117 

0.114 

0.111 

0.114 

0 076 QO75 4rn 0200 0260 0.171 0.107 0.123 

-0072 0085 otn Q218 ,a268 0.178 0.056 0.104 0.130 

0 075 
0 075 
0085 

QO75 

Qo85 
0085 
0085 
0085 
0085 
0085 
uws 
0065 
0065 
0085 
0085 
0085 
0065 
Qo85 

4172 
4188 
0180 
4180 

0186 

u1m 

QlbD 

Qlrn 

QIW 

0160 

0166 

0186 

0166 

0189 

0186 

0169 

0189 

aim- 

0218 

0 218 

0218 

0218 

0 218 

4218 

Of18 

4218 

0218 

0218 

0 218 

0218 

-0218 

0 218 

0 218 

a.218 

4218 

0.218 

a 252 

0 238 

0.236 

0 236 

0 236 

0 236 

0 238 

0 238 

0 236 

0 236 

0.236 

0.236 

a.221 

0.221 

Q.221 

0.221 

0.221 

0.221 

0.178 

0.181 

0.181 

0 178 

-0.181 

0 181 

-0 181 

0.181 

Q 181 

-0 181 

0.181 

0.181 

0.181 

0.181 

0.181 

0.161 

4.161 

-0.181 

0.066 

0.066 

0.066 

u.086 

-0.066 

0.066 

u.w6 

0.066 

0.066 

0.066 

0.066 

-0.068 

0.066 

0.075 

-0.066 

0.066 

0.07s 

0.066 

-0 101 

-0.104 

0.104 

a.104 

-0.104 

0.104 

0.104 

0.104 

0104 

a.104 

0.104 

0.104 

0.104 

0.104 

0.104 

0.104 

0.101 

-0.104 

0133 

0.130 

0.130 

0 130 

0 133 

0.130 

0.130 

0.133 

0.133 

0.130 

-0.133 

0.130 

0.133 

0.133 

0.133 

0.133 

6.130 

0.133 



BEIHPAGENWIRP 

PUMPINGTEST 

PUMPlNGWELLPRODUCnONWEUll 

PUMPlNGRAlE:6OOGPM 

STEP TOTAL 

TIME TIME 

0.317 4250.317 Q.ow 0.085 

0.333 42S0.333 Q.om Q.065 

0.417 42So.417 -0.060 -0.085 

0.500 4250.500 0.060 0.001 

0.583 4250.583 0.069 0.094 

0.667 4250.667 0.069 0.004 

0.750 4250.750 0.060 0.004 

0.633 4250.633 0.080 Q.lo( 

0.917 4250.917 a069 -0.10) 

1.000 425l.WO 4069 0.104 

2.000 4252.000 Q.om 0.113 

3.000 4253.000 0.072 a113 

4.000 4254.OW 0.072 -0.113 

5.000 42SS.OW 0.072 0.113 

6.000 4256.000 0.072 0.104 

7.000 4257.000 -0.072 -0.104 

8000 4258.000 -0.076 0.004 

0.000 4259.000 0.076 u.004 

lO.OW 4260.000 0.076 u.cM 

12.000 4262.000 0.072 0.004 

14000 4264.000 0.072 0.085 

16000 4268.000 0.076 0.075 

18000 4268000 0.076 -0075 

2OWO 4270000 0078 0088 

22000 4272.WO 0.076 -0066 

24.OW 4274.000 0.076 O.OS6 

26000 4278.OW 0.076 4.056 

28OW 4278000 0.072 Q.m6 

30000 4280000 0.072 QOS6 

32OW 4282.OW -0.060 0.047 

34000 4284000 Q.072 0.047 

36000 4286OW 0076 0047 

38000 4288000 QO72 a037 

40000 4200000 0.076 0037 

42WO 4292000 40'28 0037 

440004204000 0079 0057 

46000 4298000 0076 -0057 

48WO 4298000 0078 0037 

sow0 43wOOo -0072 0037 

52000 4302.000 0078 0025 

Mow 4304.000 0.072 0028 

56000 4306.000 0.072 0028 

S8WO 4308000 0.072 0.028 

wow 4310000 Q.072 a.028 

62.000 4312.WO Q.072 0.028 

M.wo 4314.OW 0.072 0.028 

66000 4316.000 0.072 0.028 

68000 4318.000 0.072 0.018 

70.000 4320.000 0.08 0.018 

72.WO 4322.000 u.060 0.018 

74.000 4324.OW u.om 0.018 

76000 4326.000 -0.066 0018 

78000 4328.009 0069 OOOQ 

HN25S HN25l HN25D HN201 HN2DD HN281 HN26l HN27B2 HN27f2 

0.189 0.218 0.221 

0.169 9.218 0.221 

-0.18s 0.218 0.221 

0.1m 0.218 -0.221 

-0.160 0.218 -0.221 

0.18s 4.218 0.221 

0.169 0.218 0.221 

0.205 0.218 -0.221 

-0.205 0.218 -0.221 

-0.205 Q.218 0.221 

0.220 0.208 0.221 

0.220 0.218 0.236 

0.220 u.2w 0.236 

0.220 0.208 a.236 

0.220 Q.218 0.236 

-0.220 -0.218 0.252 

0.205 -0.218 -0.252 

Q.l(Lo 0.218 0.252 

0.169 0.218 0.252 

4173 0.218 0.252 

0.157 0.218 0.236 

0.141 0.218 Q.236 

0.128 -0.218 -0.221 

a110 -0.218 -0.221 

UC434 -0.216 u.2oS 

0.078 0.218 0.205 

0078 0.218 0.180 

0063 4.218 0.169 

0063 0205 a173 

0047 0.208 0.157 

0047 0.208 0.157 

uO47 0.208 0157 

QWl 0100 -0142 

QWl 0100 0.142 

0031 Qloo 0128 

0031 Ql8S 0126 

0031 0180 0.126 

0031 Ql8# 0.126 

owl 418Q 0126 

-0015 0180 0110 

0451 0180 -0.110 

0015 0170 0.110 

0015 0170 -0.110 

uo15 0170 0004 

0015 4181 o.w4 

0015 0181 0.004 

0.015 0.161 -0.078 

0.01s 0.181 0.004 

-0.015 0.161 -0.078 

0.015 0.151 0.078 

0.000 -O.lSl 0.078 

0.000 -0.151 -0.078 

Oh0 -0.142 0.063 

0.161 0.075 

-0.161 0.075 

0.181 0.075 

-0.161 0.075 

-0.161 0.066 

-0.181 -0.075 

Q.161 a075 

-0.161 -0.075 

0.161 Q.075 

0.164 -0.075 

0.181 0.085 

0.181 0.004 

0.161 -0.094 

0.181 -0.104 

0.181 0.104 

-0.161 0.104 

-0.184 Q.104 

-0.164 -0.104 

Q.187 0.104 

0.187 0.085 

-0.190 -0.075 

4.187 0.066 

Q.lQO Q.OS6 

-0.187 -0.038 

-0.187 -0.047 

-0.184 -0.w7 

-0.184 0.037 

-0.181 -0.028 

-0.178 0.028 

0.174 -0.010 

a168 -0.019 

Q.168 Q.019 

0.161 -o.ooQ 

-0.158 0.00s 

0.155 -o.wQ 

0.152 0.009 

0.148 Q.ooo 

0.145 -o.ooa 

0.142 0.000 

0.139 0.000 

0.13s 0.000 

-0.132 0.000 

0.129 0.000 

0.126 0.000 

-0.122 0.009 

-0.118 0.009 

0.118 0.000 

-0.116 0.000 

0.113 0.000 

0.113 0.000 

0.110 0.009 

0.110 0.009 

-0.106 0.009 

0.101 -0.133 
0.104 0.133 

0.104 0.130 

0.104 0.130 

-0.104 0.130 

Q.lOl 0.130 

0.104 0.130 

-0.104 ago 

0.104 -0.130 

-0.104 -0.130 

-0.101 -0.130 

0.104 -0.133 

0.104 -0.139 

Q.104 Q.136 

-0.104 0.130 

0.104 -0.139 

-0.104 0.139 

0.104 0.139 

4.107 0.143 

-0.107 0.136 

-0.107 -0.136 

0.104 0.133 

-0.107 0.130 

0.107 0.127 

-0.104 -0.120 

-0.101 0.117 

0.107 Q.114 

0.104 -0.111 

0.101 -0.104 

0.104 0.104 

-0.104 -0.101 

-0.104 4.W8 

-0.104 Q.WB 

-0.110 0.085 

0.110 0.095 

u.110 uws 

-0.104 4.092 

-0.104 u.08Q 

-0.104 -0.08Q 

0.104 0.085 

0.104 u.oM 

0.107 -0.082 

0.101 -0.082 

0.104 -0.070 

-0.101 -0.079 

0.101 0.076 

0.101 0.028 

-0.101 0.076 

0.101 -0.076 

0.101 -0.076 

-0.101 u.073 

-0.101 0.073 

XI.101 Q.069 



BETHPAGE NWIRP 

PUMPING TEST t2 

PUMPING WELL: PRODUCTION WELL 11 

PUMPING RATE: 600 CPM 

STEP TOTAL 

TIME nME 

6o.ow u3o.wa 

62.ow 4332.OOa 

M.ow 4334.wa 

M.ow 4336.wa 

68.000 4336.000 

eo.ow 4so.wa 

92.000 4342.OOa 

mm0 43u.ow 

96.000 4346.000 

88.000 4348.000 

IWmO 4350.000 

120.ooo 437o.ooo 

140.000 43oo.Om 

100.ooo 4410.ooo 

180.ooo 443o.om 

200 wo 44so.000 

220 ow 4470.000 

240000 44W.000 

260000 4510.000 

280000 4530000 

loo ow 4550.000 

320 m 4570.000 

woow 4590.000 

160 000 4610.000 

38oow 4630000 

lWw0 4650.000 

820000 4870000 

~40000 4moOOO 

meow 4710000 

180ow 4730000 

5wwo 4750000 

52oow 4noOm 

wow0 4790000 

560000 4610000 

560000 4630004 

meow 485om 

12OooO 4870000 

YOOW 4mOmO 

56owo 491oOm 

58oow 4930000 

?Wow 4950000 

no000 4070000 

?4OWo 499oWcl 

rwooo 5010ow 

rboooo swoOOO 

5wwo swaow 

52om 5070.m 

woow swoow 

56owo 5110.ooo 

58oow 5130ooo 

IWOW 5150.000 

12oow 5170Om 

h4OOm 5190ooo 

HN25S HN251 HNPSD HN261 HN26D HN28l HN26l HN27S2 HN27l2 

-0.066 

0.066 

Q.w6 

0.066 

-0.066 

u.om 

0.m 

-0.060 

0.069 

0.066 

0.066 

0.089 

0.066 

u.060 

0.060 

u.060 

0.063 

-0.063 

u.wo 

0.086 

Q.w3 

-0.06) 

u.wo 

-0.057 

u.060 

0.057 

0050 

0.080 

0.047 

0.041 

0041 

0038 

0038 

0034 

0034 

0034 

0034 

0034 

0034 

um4 

0034 

0034 

0028 

0028 

0028 

0.028 

0.034 

0.028 

0025 

0051 

0.m 

0.034 

0034 

0.000 

0.000 

0.008 

0.009 

0.018 

0.008 

0.008 

0.000 

0.000 

0.018 

0.009 

0.000 

0.018 

0.018 

0.008 

0.009 

0.018 

0.018 

0.018 

0.008 

0.000 

0.000 

OWQ 

008 

OWQ 

0.000 

0018 

0028 

0018 

0028 

0028 

0037 

0037 

0637 

0047 

On37 

0047 

0047 

0047 

0047 

0047 

0056 

0068 

0066 

0086 

0.086 

0.056 

0.066 

0068 

0068 

0068 

0056 

0056 

0.000 

O.OW 

0.000 

0.000 

0.000 

O.OW 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.015 

O.WO 

O.ooO 

0.000 

0.01s 

0.015 

0.031 

O.Q)l 

oa31 

0031 

0.031 

0047 

0047 

0.063 

0063 

0 078 

0 078 

0 078 

0 078 

0 078 

0 078 

0 078 

0 078 

0110 

0 110 

0110 

0110 

0 110 

0 110 

0 126 

0 141 

0 157 

0 IS? 

or73 

or73 
0180 

OIW 

OIW 

018a 

0188 

oiso 

-0.142 

0.142 

0.142 

0.142 

0.142 

0.132 

0.132 

-0.132 

0.142 

0.132 

0.132 

0.123 

0.113 

0.113 

0.113 

0.113 

0.113 

0.113 

0.113 

0.113 

0.113 

0.123 

0.113 

0.123 

0.123 

0.113 

0.113 

0.113 

0.113 

0113 

0.113 

Qlo( 

0104 

0.104 

0104 

uw4 

0004 

Qam 

uw4 

uO85 

008s 

uws 

0085 

0 075 

0 07s 

0.075 

0.066 

0.066 

0.068 

0.066 

0.066 

-0.066 

0.086 

Q.063 
0.063 
0.078 

Q.078 

-0.063 

Q.063 

Q.063 

Q.w3 

a063 

-0.063 

Q-w3 

0.063 

-0.047 

a063 

-0.063 

Q.078 

-0.078 

0.076 

Q.078 

0.078 

-0.078 

0.094 

0.094 

0.094 

0.084 

0.004 

0.094 

0.094 

-0.004 

0.004 

0.078 

0.078 

0 078 

Q.078 

Q.078 

0063 

0063 

0.063 

0047 

uo47 

0047 

0031 

0031 

0.015 

0.015 

a.01 5 

u.015 

0.015 

u.015 

0.015 

u.015 

u.015 

0.015 

-0.106 

-0.103 

0.163 

-o.lW 

0.100 

Q.lW 

Q.lW 

0.007 

Q.lW 

0.100 

0.103 

0.057 

0.080 

0.077 

0.077 

0.077 

0.074 

0.074 

0.071 

0.074 

0.074 

0.074 

0.077 

-0.077 

-0.077 

-0.080 

0.074 

aon 
0.071 

0.071 

a067 

aQ87 

0.064 

0.061 

0.058 

0.055 

0.051 

0.045 

0045 

0.04s 

0.042 

0035 

u.w2 

0.025 

0.022 

Q.OlQ 

u.010 

0.010 

0.016 

0.012 

0.016 

0.016 

0.010 

O.OW 

0.000 

0.000 

0.000 

0.009 

0.008 

0.000 

0.000 

0.008 

0.008 

0.000 

0.018 

0.028 

0.028 

0.028 

0.028 

0.028 

0.038 

0.058 

0.038 

0.058 

0.028 

0.028 

0.038 

0.028 

0.038 

0.038 

0.047 

0.047 

0.047 

0.047 

0.056 

0.056 

0.056 

0.056 

0.066 

0.066 

0.066 

0.075 

0.075 

0.07s 

0.071 

0.08s 

0.084 

0.0&U 

0.085 

0.004 

0.084 

0.004 

0.004 

0.004 

0.085 

0.085 

0.101 

-0.101 

0.101 

0.104 

-0.101 

-0.104 

-0.104 

0.101 

-0.098 

-0.101 

u.101 

0.101 

0.008 

0.006 

-0.101 

-0.104 

0.008 

-0.086 

0.008 

-0.W8 

0.008 

-0.101 

-0.098 

-0.098 

0.098 

0.085 

-0.095 

awl 

Q.Wl 

-O.Wl 

0.088 

Q.Wl 

-0.081 

0.088 

Q.Wl 

Q.Wl 

0.088 

0.001 

-0.091 

-0.095 

Q.Wl 

Q.Wl 

u.085 

0.088 

0.091 

0.085 

o.ws 

awl 

0.088 

aws 

0.008 

0.008 

0.101 

0.073 

0.073 

-0.060 

-0.066 

u.ow 

0.073 

0.06s 

0.068 

0.06s 

0.073 

0.068 
0.06s 

0.m 

0.089 
Q.073 
0.073 

-0.06B 

u.on 

Q.073 

a.076 

0.073 

-0.076 

-0.076 

0.079 

Q.076 

Q.065 

-0.073 

0.073 

-0.070 

0.063 

-0.060 

0.066 

0.066 

-0.063 

0.063 

0.063 

0.063 

0.060 

-0.057 

-0.057 

0.054 

QOM 

Q.OSO 

0.044 

0.047 

0.044 

0.050 

0.044 

Q.o(l 

0.047 

u.o(7 

0.047 

0.047 



BETHPAGE NWIRP 

PUMPING TEST Ic2 

PUMPING WELL: PRODUCTION WELL 11 

PUMPING RATE: 660 GPM 

STEP TOTAL 

TIME TIME 

Mo.ow 5210.000 0.034 
mo.ow s23o.ow 0.028 

lwo.ow 525o.ow 0.034 

1050.000 5300.000 4.041 
I1 w.ow 5350.000 -0.050 

I150.000 ww.ow -0.041 

12w.OW mso.ow 0.041 
I25O.WO 55W.OW 0.041 
13w.000 5550.000 -0.044 

1350.000 s6w.ow 0.038 

14w.000 s6so.ooo Q.050 

145o.WO 57w.OW 0.066 

IS00 ow 57SO.000 0.066 

1550 ow s8w.wo -0.060 

l6wwo 5650.000 0.076 

I650 WO SQW.OW 0.082 

I700 ow 5950.000 0.079 

I750000 6ow.ow 0.085 

l8wooo 6oso.ow 0.082 

1650000 6lW.000 -0.062 

IO00 000 6lSO.OW 0.079 

1950000 62WOW 0.076 

?OWOOO 6250000 0072 

1050ow 63wwo 0069 

llWoo0 a3soooa 0066 

?150000 MW.ooo u.063 

12wOOO 64soow 0060 

t2SOOW 65wow 0.057 

13ooow 6SsoOOO 0050 

?lSOOOO 66wow 0.050 

I4WOOO Msowo uwo 

I4500 67WWO 0047 

ISWOOO 6750000 0044 

tsSOW0 66wow 0047 

Mwow 66sowo 0044 

bsoow 6ewwo 0025 

ITWOW 85Oooo OWl 

I750000 7000000 0016 

!8wwo 7OSoOOo 0028 

!850 000 7100 000 -0025 

!swow 71SOOW 0022 

!65OOW 72WOOO 0022 

lowow 725oOW 0025 

l050ow 73wOOO -0025 

IlWOOO 73soOOo -0028 

l150000 74wooo 0022 

l2WOOo 7450000 0.022 

1250ooO 7SWOOO -0022 

l3WOOO 75M.wo u.015 

l3soow 76OO.m 0.012 

uwooo 7650000 0.012 

u50000 nwooo 0000 

1500Ooa 7750000 000.3 

0.056 

0.056 

0.056 

0.047 

0.037 

0.028 

0.028 

0.018 

0.018 

0.028 

0.000 

u.ow 

0.000 

u.ow 

0.008 

QWQ 

0.000 

0.000 

0.000 

0.008 

O.OW 

0018 

0016 

0028 

0.037 

O.W7 

0047 

0.668 

OW6 

O.W6 

0068 

0066 

0075 

0068 

0056 

0068 

0056 

0086 

0047 

0047 

0056 

0058 

0056 

OM7 

0047 

0056 

0.058 

0058 

0068 

0068 

0068 

0085 

0001 

0.166 
0.166 

0.173 

0.141 
0.141 

0.110 

0.015 
a.015 
0.031 
-0.015 

-0.031 
u.om 
u.110 

0.126 
0.126 
0.110 
-0.141 

-0.126 

-0.128 

0.486 

0.486 

u4m 

0473 

-0457 

0441 

0425 

0410 

0364 

0378 

0.362 

0347 

0331 

0299 

0.220 

0063 

0031 

0015 

0015 

-0031 

a047 

0047 

0047 

owl 

0015 

0000 

0015 

OWl 

0.031 

0047 

0063 

0063 

0094 

bil0. 

0.066 
0.075 

a075 

a.075 

Q.085 

u.oM 

0.104 

-0.113 

-0.113 

0.104 

0.101 
0.142 
0.142 

0.142 

0.151 

0.151 

0.151 

0.151 

0.111 

-0.142 

0.142 

0.142 

Ql42 

0.132 

-0.123 

0.113 

0104 

0104 
uw4 

u.085 

QO75 

0075 

-007s 

0075 

0004 

-0085 

Qam 

0065 

0104 
0104 

QlO4 
0 113 

0101 

a113 

0113 

0113 

-0113 

0.113 

0.113 

0.113 

0113 

-0104 

0094 

0.01 s 
0.015 

-0.015 

0.031 
0.0)7 

0.063 

0.078 

0.004 

-0.078 

-0.004 

0.078 

0.126 

0.126 
0.126 
0.126 
-0.142 

-0.142 

0.142 

0.142 

0.126 

0.126 

0.126 

-0.126 

-0.110 

Q.004 

0.078 

u.063 

0.063 

0.017 

Q.Wl 

0.015 

0.015 

0.015 

-0.031 

0.083 

0047 

0.078 

0063 

0078 

0078 

0078 

0078 

0078 

0078 

-0094 

0.078 

Qom 

0.094 

0.094 

u.004 

Q.oM 

-0.063 

0063 

0.010 

u.010 

0.022 

0.025 

-0.035 

Q.048 

0.051 
-0.067 

-0.064 

Q.WS 

Q.061 

0.126 

0.132 

0.142 

0.142 

-0.152 

-0.155 

0.152 

-0.148 

0.145 

0.145 

0.135 

0.135 

0.126 

4.116 

0.110 

Q.lW 

-0.083 

Q.064 

4077 

a.071 

0.067 

-0.067 

4.067 

0.084 

0.084 

0.087 

0.067 

0.097 

a.105 

QlW 

O.lW 

0103 

-0lW 

-0lCi3 

0.110 

0.110 

-0.116 

0.116 

0.113 

-0.110 

0.007 

0087 



BNPAGE NWIRP 
PUMPING TEST #2 

PUMPING WELL PRODUCTION WELL 11 

PUMPING RATE: 800 GPM 
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PUMPING TEST 12 

GRAPHS OF DRAWDOWN AND RECOVERY DATA 
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h’ItermOdi8te Obsorvetion Walls Pump Test 2 
Bethpage NWIRP 

1 Drawdown 

,+, j . . . . . . . . 3 

! I 

. i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..__................ 

81 

Note: PW-11 pumping at 890 gpm. 

/ 
1 
. 

Y 
Ii 

I 

.I.. 

i 

I .?.. 
I 

I 
-4.. 

j 

4 
i 

DOI 

. . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . 
I . . . . . . . . . . . \ . . . . . . . . . . . . . . . . . . . . . . . 

L j i . . . . . . . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . I . . . . . . . . . . . . 

0 9000 l( 

- HN251 - HN291 - HN281 

-R- HN261 -f_ HN2712 



rJ 
(Y

 
0 

O
A 

. 

0 
0 

4 
9 

4 
4 

(t-4) 
U

M
O

pM
P

Ja 

. - 

..-’ , t 
. . 

, 

m
 

9 



Pump Test 2 
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1 .O INTRODUCTION 

This Appendix of the RI report presents the overall approach and the results of the Computer Modeling 

efforts performed at Bethpage Naval Weapons Industrial Reserve Plant (NWIRP) at Bethpage New York, 

which were conducted for the U. S. Navy. 

Bethpage NWIRP is located on 108 acres in Nassau County of Long Island, approximately 20 miles east 

of New York City in a highly industrialized area. Grumman Aerospace Corp. (Grumman) leases property 

from the U. S. Navy as part of its Aerospace manufacturing activities. Figure l-l shows the location 

of the NWIRP site. The histories of the NWlRP and Grumman facilities are discussed in detail in the 

Initial Assessment Study of the NWIRP and the RVFS Work Plan prepared by Geraghty & Miller. 

Grumman utilizes 14 high capacity production wells located on the facility for air conditioning and non- 

contact cooling purposes. Water pumped from these wells is returned to the aquifer via several 

recharge basins located across the site. The Bethpage Water District (BWD) operates water supply 

wells to the east and south of the Bethpage NWIRP. 

1.1 OBJECTIVES OF THE COMPUTER MODELlNG 

The modeling investigation is part of an overall RVFS program designed to determine the locations of 

any potential sources ,of contamination on U. S. Navy property. 

The general objective of the computer modeling was to provide data on groundwater flow in the area 

of the NWIRP and the potential flow directions of contaminants. The specific objectives of the RI 

computer modeling at Bethpage NWIRP are listed below: 

. To provide a general characterization of the subsurface conditions underlying Bethpage NWIRP, 

. To develop a localized flow model which accurately represents groundwater flow in the area 

around the Grumman site, with an emphasis on the groundwater flow in and around the 

NWIRP. and 
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. To model the flow directions and rate of travel for simulated contaminant releases under a 

variety of production well and recharge basin pumping conditions. 

As part of the FS program for the NWIRP, additional computer modeling will be conducted. Objectives 

for the FS phase of modeling include 

l Utilizing the calibrated flow model to determine potential contaminant transport directions, and 

. Using particle tracking and contaminant transport simulation for evaluation of remedial 

alternatives for the site. 

1.2 ORGANIZATION OF COMPUTER MODELING REPORT 

This appendix summarizes the development of the RI computer modeling efforts and presents their 

results. The report is organized into nine sections. Section 1 provides an introduction to the computer 

modeling. Section 2 summarizes the hydrogeologic conditions of the site area. Section 3 discusses the 

modelrng approach. Section 4 discusses the conceptual model. Section 5 summarizes computer code 

selection. Section 6 discusses model calibration. Section 7 discusses model validation. Section 8 

drscusses the particle tracking performed at the site. Section 9 summarizes the sensitivity analysis 

performed for the site. Section 10 provides a summary of modeling activities and a discussion of model 

limttatrons 
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2.0 HYDROGEOLOGIC CONDITIONS 

Bethpage NWIRP is located in west-central Long Island, which is underlain by approximately 1,100 ft 

of unconsolidated sand, silt, clay and gravel sediments of Late Cretaceous and Pleistocene age. These 

unconsolidated sediments are underlain by Precambrian crystalline bedrock, which slopes to the south- 

southeast. All of the geologic units dip in these directions to varying degrees (Isbister, 1966). Three 

aquifer systems are present within the unconfined sediments. In descending order these are, the upper 

glacial aquifer, the Magothy aquifer, and the Lloyd aquifer. 

2.1 AQUIFER CHARACTERISTICS 

2.1.1 Upper Glacial Aquifer 

The upper glacial aquifer is composed of fine to coarse sand and gravel outwash deposits. In the 

modeled area. this unit is the upper-most hydrogeologic unit. This unit ranges in thickness beneath the 

site, with a total thickness of less than 75 ft. Literature sources estimate hydraulic conductivity values 

of approximately 270 ft/d and vertical hydraulic conductivity values at approximately one-tenth of 

horizontal conductivity (Smolensky and Feldman, 1990). In the majority of the area encompassed by 

the modeling grid, the water table lies below the bottom of the upper glacial aquifer. 

2.1.2 Maaothv Aauifer 

The Magothy aquifer is composed of fine to medium sand, with many discontinuous clay lens present 

throughout the aquifer. Fine grained sediments are common in the Magothy aquifer, although no clay 

lenses of regronal extent were encountered during the drilling program at the site. The lithologic trend 

observed dunng drilling is a decrease in the average grain size with increasing depth. The Magothy 

aquifer has a reported thickness of approximately 600 feet beneath the NWIRP. The basal portion of 

the Magothy aquifer is reported to consist of a highly permeable and productive gravel (Isbister, 1966; 

Geraghty 8 Miller, 1990). 
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Horizontal hydraulic conductivities for the Magothy aquifer have been estimated at approximately 50 ft/d, 

with decreasing vertical hydraulic conductivity with depth compared to the upper glacial aquifer. 

Anisotropy has been estimated at approximately 1OO:l (Smolensky and Feldman, 1990). The upper 

portions of the aquifer are unconfined with an increasing degree of confinement with depth (Isbister, 

1966). The Magothy aquifer is the principal water-supplying aquifer for the Grumman production wells 

and BWD wells. Water returned to the aquifer from the recharge basins at the NWIRP is believed to 

move through the upper glacial aquifer and recharge the Magothy aquifer, which contains the water 

table across much of the modeled area. The Magothy aquifer and the upper glacial aquifer are 

regarded as a common aquifer because they have similar lithologies, and no barrier to downward flow 

exists between these units. 

2.1.3 Raritan Formation 

The Raritan Formation underlies the Magothy Formation, and the Lloyd Sand Member of the Raritan 

Formation represents the third significant water bearing system in the area. The Lloyd Sand is 

separated from the Magothy aquifer by the Raritan Clay unit, which represents the first regionally 

extensrve barner to downward movement of groundwater. The Raritan Clay may range in thickness up 

to 175 feet thtck. with vertical hydraulic conductivities of approximately 0.001 ft/d (Smolensky and 

Feldman, 1990; Isbister. 1966). Due to the thickness and very low conductivity of the Raritan Clay, and 

the fact that the Lloyd sand is not a major source of public water, the top of the Raritan Clay is 

considered to represent the bottom of the groundwater flow system for the area around the NWIRP. 

2.2 GROUNDWATER FLOW 

Most of Long Island IS bisected by a east-west trending, regional groundwater divide. The NWIRP lies 

to the south of this divide. The groundwater beneath the NWIRP predominantly flows in a southward 

drrectron (towards the Atlantic Ocean), although the flow directions are greatly influenced by the 

groundwater mounding which occurs at the recharge basins associated with Grumman activities. In 

addrtron. groundwater withdrawal from Grumman production wells have a pronounced influence on 

groundwater flow directions. The production wells and recharge basins operate in various pumping 

combtnatrons which makes their effect of local groundwater flow direction subject to change. The 
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NWIRP occupies an area of recharge with vertical hydraulic gradients having a downward direction 

(Isbister, 1966). 

2.3 GRUMMAN PRODUCTION WELLS AND RECHARGE BASIN ACTIVITIES 

As part of Grumman activities, fourteen production wells are operated for non-contact cooling and air 

conditioning purposes. Numerous recharge basins located around the site recharge water pumped from 

the production wells to the aquifer system. Figure 2-1 illustrates the location of Grumman production 

wells and recharge basins. Prior to 1984, some Plant 03 production-line rinse waters were discharged 

directly to the recharge basins and may have contained chemicals involved in the manufacturing 

process. 

Interviews with Grumman personnel indicate that water pumped from production wells to recharge 

basins follows a consistent pattern. Production wells PW-8 through PW-16 are north of the Long Island 

Railroad tracks, which bisect Grumman property. Water produced from these northern production wells 

is recharged to northern recharge basins (outfalls 004 and 010). Water derived from southern 

production wells, PW-1 through PW-6, is recharged via southern recharge basins (at outfalls 005, 006 

and 007). Monthly records of total pumpage from these wells has been recorded by Grumman, and this 

monthly pumpage data was used as part of model calibration and model validation. The majority of 

water pumped by Grumman production wells is returned to the aquifer by recharge basins, although a 

loss of water may occur due to evaporation from the recharge basins and water diverted off site to 

sewers and water treatment plants. 

The total amount of production well pumpage and basin recharge is cyclic with an increase in summer 

months when demand for cooling is greatest and a decrease in the winter. Pumping data provided by 

Grumman Indicate that production wells pump a minimum amount during February and a maximum 

amount during August. Production well rates may be as high as 1.200 gpm. 
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3.0 SUMMARY OF MODELING APPROACH 

3.1 DATA COLLECTION I ANALYSIS 

The first portion of the modeling process is to compile the existing data. The available, relevant data 

regarding site hydrogeologic conditions and groundwater quality was collected and reviewed. 

Groundwater elevation data, meteorological conditions, pumping and recharge data, and well location 

data that was required for model activities was identified and obtained from Grumman, state, and 

Federal sources. To more fully define the aquifer parameters at the site, two pumping tests were 

conducted at the NWlRP. For pumping test #l, the intermediate well HN-2712 was pumped at 448 gpm, 

and drawdown was measured in 10 observation wells. For pumping test #2, the deep production well 

PW-11 was pumped at 890 gpm and drawdown was measured at 9 observation wells. A complete 

discussion of the results and analysis of the pumping tests is discussed in Appendix E. 

3.2 CONCEPTUAL MODEL DEVELOPMENT 

A conceptual model of the groundwater system was developed from information gathered after the data 

collection phase. The conceptual model identified and incorporated the key hydrogeologic 

charactenstrcs at the site, potential contaminant source information, and locations of the BWD water 

supply wells in the area. In addition. the rationale for assumptions and simplifications made to the 

natural site condttions were reported and described in the conceptual model. 

3.3 COMPUTER CODE SELECTION 

A groundwater flow modeling code was selected for the modeltng project. The computer code selected 

for the project must be able to incorporated the key aspects of the conceptual model, and must have 
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been well tested and verified. In addition, particle tracking and contaminant transport applications must 

be supported by the groundwater flow model. 

3.4 FLOW MODEL CALIBRATION 

The site wide flow model was developed by configuring the conceptual model into a format which is 

compatible for input into the flow model and entering initial values for aquifer parameters into the flow 

model. The model was then calibrated for two steady-state pumping conditions, and two transient 

pumping test simulations. The flow model was calibrated by adjusting initial values of parameters, such 

as, vertical and horizontal hydraulic conductivities, storage and boundary conditions. Calibration 

continued until the water level elevations at 61 monitoring wells (in steady-state simulations) and the 

modeled drawdowns (in transient pump test simulations) were adequately comparable to measured 

values. 

3.5 FLOW MODEL VALIDATION 

The calibrated model was validated using two steady-state pumping conditions and resulting water 

elevations which were not previously used in calibration. For each month used for validation, the 

pumping/recharge rates of Grumman production wells and recharge basins were input into the model, 

and the model results were compared against the measured water level elevations at 61 monitoring 

wells 

3.6 PARTICLE TRACKING 

Partrcle trackmg was performed to determine the possible directions and rates of contaminant movement 

following a simulated contaminate release from potential sources. Particle tracking was performed under 

a variety of pumping and recharge conditions, from a variety of potential sources. This approach allows 

for several potential release scenarios to be examined. An analysis of the rate of particle movement 

and the three dimensional movement of particles throughout the aquifer was also conducted. 
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3.7 SENSITIVITY ANALYSIS 

Sensitivity analyses was performed to determine how sensitive the model output is to changes in aquifer 

parameters. The sensitivity analyses involved changing aquifer parameters by incremental amounts and 

evaluating these effects on model predictions. The results were used to quantify model accuracy and 

model assumptions. 

3.8 SUMMARY OF MODEL LIMITATIONS 

All computer modeling simulations are subject to error due to simplifications in the model, which are 

necessary in order to simulate complex natural systems. The impact of these sources of error can be 

minimized by realizing what may contribute to error in modeling results and performing sensitivity 

analysis on the developed model. Potential sources of model error are identified, and the steps taken 

to minimize error are discussed. 
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4.0 CONCEPTUAL MODEL 

After compiling existing data available for the site, a conceptual model was constructed for the site. The 

conceptual model identified and incorporated the key hydrogeologic characteristics at the site, including 

contaminant source data, BWD well information, and other factors which control groundwater flow. 

The conceptual model for the study area is summarized in the following subsections which describe 

. Areal and vertical extent of the model grid, 

. Model Grid dimensions, 

. General hydrogeologic conditions in the model area, 

. Initial estimates of the hydrogeologic parameters, and 

. Boundary conditions. 

4.1 AREAL AND VERTICAL EXTENT OF THE MODEL GRID 

The purpose of the modeling was to define the flow of groundwater in the area encompassed by the 

NWIRP. Grumman property, and in the surrounding area. Figure 4-l shows the area being modeled, 

and the finite-difference grid used in this study. The location of the model grid was defined in order to 

maxrmrze the grid density within Navy property and encompass the BWD wells to the east of the site 

(BP-7. BP-8. BP-g), the Hooker-Ruco site, and the southern extent of Grumman property. 

The northern boundary of the model area is located approximately 2000 feet north of the NWIRP. This 

locatton was chosen because it encompasses all Grumman production wells and lies north of the 

Hooker-Ruco site. The east boundary lies approximately 4800 feet east of the NWIRP and was chosen 

to provide full coverage of the eastern BWD wells (BP-7. BP-8, BP-g). The western grid boundary lies 

approximately 600 feet west of the NWIRP and encompasses the Hooker-Ruco site. To the south, the 

boundary lies approximately 3000 feet south of the NWIRP. and was located to encompass all Grumman 

property and southern recharge basins. The model grid is oriented so the east-west sides of the grid 

boundary are parallel to the groundwater flow direction in the area. 
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4.2 MODEL GRID DIMENSIONS 

4.2.1 Horizontal Dimensions 

The block-centered finite-difference grid for the site covers a 11,300 by 12,800 ft area, as shown in 

Figure 4-1. The grid consists of 53 columns and 63 rows and contains 5 layers. Grid line orientation 

was designed with columns parallel to the normal (non-pumping) groundwater flow direction in the area 

covered by the grid. Due to software and computer memory limitations, there are a finite number of 

nodes which can be effectively incorporated into a computer model. In areas of interest, nodes are 

more closely space to provide tighter coverage of that area, while larger node spacings are used outside 

the area of primary interest. Grid spacing has the highest density in the section of the grid which covers 

the NWIRP, where each node has a length and width of 100 ft. The consistently small size of the grid 

blocks allows for a detailed evaluation of potentiomettic heads and groundwater flow in these areas. 

Node size increases towards the outer edge of the grid, where more widely spaced model generated 

heads were acceptable. All nodes of the grid are active (i.e., part of the aquifer). 

4.2.2 Vertical Dimensions 

The model grid consists of five layers, which are differentiated based on monitoring well depths in the 

modekng area. Layer 1 extends from the surface to approximately 100 ft below ground surface (bgs) 

and Incorporates shallow HNUS monitoring wells. Layer 1 ranges in thickness from 77.5 to 105 ft. Layer 

2 and 3 are each 100 ft thick. Layer 2 contains intermediate monitoring wells, while layer 3 contains 

deep HNUS monitoring wells and one BWD well. Layer 4 is 150 ft thick and contains some of the 

shallower Grumman production wells and one BWD well, while layer 5 ranges in thickness from 150 to 

315 ft thrck and contains the majority of the Grumman production wells and BWD wells, 

This spacing of grid layers in relationship to well depths allows for a direct association between well 

depths and model layers. For example, a water table contour of the modeled heads in layer 1 would 

consist of shallow well heads, while a contour of layer 2 modeled heads would consist of intermediate 

well heads. In this way, contaminants can also be tracked throughout the aquifer. For example, if 

contaminants pass from layer 1 to layer 2 at a point with a shallow and intermediate well, the 
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intermediate well would pick up the contaminations at that point, while a shallow well would be too 

shallow to pick up the contamination. 

Because layers were defined based on monitoring well depths, the model layers are not directly related 

to lithologic units. Figure 4-2 illustrates the five model layers and their relationship to the aquifer units. 

Layer 1 contains the upper glacial aquifer, and the upper portion of the Magothy aquifer. Layers 2, 3, 

4 and 5 are exclusively composed of the Magothy aquifer. The bottom of layer 5 is concurrent with the 

top of the Raritan Clay, which is a regional barrier to the downward movement of groundwater. Although 

some water may pass through the Raritan Clay to the underlying Lloyd aquifer, this amount of water 

was considered to be negligible, and the top Raritan Clay unit was assumed to be the bottom of the 

groundwater flow system. 

Surface elevations (top of layer 1 elevation) were determined from U.S.G.S contour maps of the area. 

The surface contours were digitized and overlaid on to the model grid, and surface elevations for each 

node were approximated to the nearest 5.0 ft. Layer 1 ranges in thickness from 72.5 ft to 105 ft. Layer 

2 and 3 were defined to be 100 feet thick. Layer 4 was defined to be 150 ft thick, and layer 5 was 

defined to be 150 feet thick. The bottom of layer 5 was determined by digitizing the elevation of the top 

of the Rantan clay across the area from a literature source and overlaying the model grid, and 

approxlmatrng the elevation to the nearest 10.0 ft (Smolensky and Feldman, 1990). 

4.3 GENERAL HYDROGEOLOGIC CONDITIONS IN THE MODEL AREA 

Based on monthly rounds of water-level elevatrons taken from monitoring wells and groundwater flow 

drrection data from literature sources, the normal groundwater flow (under non-pumping conditions) is 

generally towards the south (Isbister. 1966; Smolensky and Feldman, 1990). Under pumping conditions, 

the activity at Grumman production wells, recharge basrns and BWD wells significantly alters the local 

groundwater flow directions. 

Groundwater is derived from precipitation and tnfiltratron from Industrial and residential recharge basins. 

The ultimate dtscharge point for water in the groundwater system is the Atlantic Ocean. Discharge form 

the model area will occur at the southern border of the model, which is also designated as a constant 
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head boundary. Evapotranspiration and runoff are accounted for in the values used for infiltration 

(recharge). Additionally, during pumping conditions the water pumped from the BWD wells was 

considered to be removed from the system. 

Based on literature sources and pumping tests conducted at the NWIRP, groundwater is considered to 

be unconfined (Isbister, 1966). The first laterally extensive layer which prevents the downward 

movement of groundwater is the Raritan Clay, which is approximately 600 feet below ground surface 

and is considered to be the regional flow barrier. The NWIRP occupies an area of recharge, and 

groundwater exhibits a downward flow direction. 

4.4 INITIAL ESTIMATES OF HYDROGEOLOGIC 

4.4.1 Hvdraulic Conductivity 

PARAMETERS 

Hydraulic conductivity values are specified in two directions: horizontal hydraulic conductivity (x- and y- 

direction) and vertical hydraulic conductivity (z-direction). Initial values for horizontal and vertical 

hydraulic conductivities were determined from the two pumping tests which were performed in the 

NWIRP area and from literature sources (Isbister, 1966; Smolensky and Feldman, 1990; MC Clymonds 

and Franke, 1973). Pump test results are fully summarized in Appendix E. 

In layer 1, the Initial vertical hydraulic conductivity value was assumed to be one-tenth the horizontal 

conductivity for each node. For layers 2, 3 and 4 the ratio of vertical to horizontal conductivities 

decreased with depth. In layer 5 the initial vertical hydraulic ,conductivity values were assumed to be 

approxrmately one-fifth the horizontal conductivity values. Final values of hydraulic conductivity were 

determined dunng model calibration. 

4.4.2 Storacae 

Initial storage values were derived from pumping test data and literature sources (Isbister, 1966). Final 

values were determined from model calibration. Storage values effect model solutions only during 

transient solutions. 
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4.4.3 Porosity 

Initial values for porosity were determined from literature sources (Isbister, 1966; Fetter, 1988). For all 

nodes porosity was estimated at 0.20. Changes in the values of porosity does not effect groundwater 

flow directions or paths, although it does effect the rate at which groundwater moves through the aquifer. 

4.4.4 Recharne 

Recharge values were estimated from literature values, and from data from a climatic measuring station 

in Mineola, NY, approximately 10 miles from the NWIRP (Smolensky and Feldman, 1990; Feldman, 

Smolensky and Masterson, 1992). Average precipitation was 44.58 inches. It was assumed that 50% 

of precipitation was lost to runoff, evapotranspiration, or other sources while the remaining 50% 

recharged the groundwater system (Smolensky and Feldman, 1990). Recharge was added to the top 

layer only and was applied at the same rate for each node over the model grid. 

4.5 BOUNDARY CONDITIONS 

Boundary conditions are parameters which specify the constant head of constant flux at the boundaries 

and top surface of the modeled area. The types of boundary conditions used during these simulations 

include constant head boundaries, with specified heads during the simulation and specified flow 

boundanes. where the flux across a boundary is given. Water enters the model area at constant head 

boundanes along the north boarder of the modeling grid. Although actual water elevations at these 

points will fluctuate over time, it was assumed that fixed values could be assigned to these nodes for 

different months, due to the long-term nature of the steady-state simulations 

4.5.1 Constant Head Boundaries 

The boundary condrtrons applied to the northern and southern border of the model grid were designated 

as constant head boundaries. The value for constant head elevation for each node was initially 

deterrnrned from water-table elevation maps from literature sources (Smolensky and Feldman, 1990). 

Water elevatrons were digitized, and overlaid on to the modeling grid. Each node was assigned an 
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constant head elevation to the nearest 0.10 ft. The final constant head elevations assigned to all layers 

were determined during model calibration. 

4.5.2 Specified Flux Boundaries 

The value of flux across the top face of each node in layer 1 waf specified to simulate the infiltration 

of precipitation. Flux was constant at 0.0051 ft/d, which is equal to 22.29 inches of recharge per year 

or one half of the total average precipitation for the area (Smolensky and Feldman, 1990). 

The east and west boundaries of the modeled area were specified as no flow boundaries in all five 

layers (constant flux of zero). This assumption was based on potentiometric surface maps of the area, 

which indicate groundwater flow in the area is generally parallel to these borders, with little or no flow 

across the boundaries. 

4.5.3 Startinn Head Values 

For steady-state simulations, the starting head elevations for all layers were specified for each node 

in the gnd. When performing steady-state simulations, the values of initial head were specified to be 

above the top elevation of the highest cell, at 145 ft. This initial water elevation was necessary to 

prevent cells from starting dry, which can add additional error to the simulation runs. Regardless of the 

starting head value used, the same solution result was obtained. For transient simulations, starting head 

values were specified for each grid-block and read from input files. Each time aquifer parameters were 

altered dunng the transient calibration, a steady-state simulation was run and the resulting values of 

head were used as the starting head for the transient simulation. For steady-state simulations, the 

starttng head elevations for all layers were specified for each node in the grid. When performing steady- 

state srmulatlons. the values of initial head were specified to be above the top elevation of the highest 

cell at 145 ft This initial water elevation was necessary to prevent cells from starting dry, which can 

add additional error to the simulation runs. Regardless of the starting head value used, the same 

solution result was obtained. 
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5.0 COMPUTER CODE SELECTION 

5.1 COMPUTER SOFTWARE 

A groundwater flow model and a related particle tracking package were utilized in the modeling effort. 

The following subsections describe the general capabilities of these codes. These models were chosen 

because they can simulate the conceptual model constructed for the site. In addition, these models 

have been extensively verified and documented and have been used successfully at many different 

kinds of hazardous waste sites. There are many modeling packages which can be added to the basic 

flow model for in depth analysis and presentation of modeling results. 

5.1 .l MODFLOW Pronram 

The modular three-dimensional finite-difference groundwater flow model (known as MODFLOW) was 

developed by the U. S. Geological Survey to simulate groundwater flow in a variety of situations (MC 

Donald and Harbaugh, 1988). This model can be used for two-dimensional or three-dimensional 

applications and can simulate the effects of wells, recharge, drains, and rivers, as well as a variety of 

boundary conditions. 

MODFLOW has been used extensively at hazardous waste sites for simulation of groundwater flow and 

evaluatron of remedial alternatives. This model can also be used in conjunction with other programs 

for modelrng of contaminant transport and particle tracking. MODFLOW uses a block-centered grid for 

solving the finite-difference groundwater flow equations. 

Input files for MODFLOW are generated using a separate software package, known as ModelCad. This 

package allows the user to generate graphical input of the modeling grid and aquifer parameters, which 

are then converted to input files for use in MODFLOW and the particle tracking software, MODPATH. 

The output from the MODFLOW model consists of heads generated for each model grid block for each 

layer, which can then be imported into the contouring program SURFER for graphical presentation. 

5-l 



5.1.2 MODPATH Program 

MODPATH is a three-dimensional particle tracking code that was developed by the U. S. Geological 

Survey (Pollock, 1989). Although it utilizes heads calculated in MODFLOW to determine the direction 

of particle movement with time, MODPATH operates separately from MODFLOW. Two different particle 

tracking approaches can be used to illustrate the flow lines of a particle. In forward tracking mode, one 

or more particles are released from a suspected contaminant source, and the flow paths of these 

particles are calculated by MODPATH. The flow lines which represent particle movement through time 

can then be viewed in plan view or in cross-sectional view along model rows or columns. The second 

particle tracking mode is reverse particle tracking, where particles are released at a one or more grid 

blocks (generally at well nodes) and particles are tracked towards their point of origination, which 

indicates the capture zone of the wells. 

The output generated by MODPATH consists of a listing of particle locations and travel times in a text 

file, which can be converted to graphical output using the program MODPATH-PLOT. MODPATH-PLOT 

can generate cross-sectional particle tracks along model rows and columns. 
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6.0 MODEL CALIBRATION 

Following the construction of the conceptual model and the input of initial values for aquifer parameters, 

such as horizontal and vertical hydraulic conductivities, storage, recharge and constant head elevations, 

calibration of the flow model was initiated. Calibration included steady-state calibration of two separate 

pumping conditions at the Grumman site; low pumping conditions for Grumman production wells during 

February, 1992, and high pumping conditions for Grumman production wells during August 1992, and 

performing transient simulations of two pumping tests. 

Model calibration refers to a demonstrating that the model is capable of producing water elevations 

which are comparable to water elevations measured on site. Steady-state calibration simulated two 

monthly pumping scenarios. Production well pumping rates and site wide water level data was used 

to check the srmulated water elevations across the modeled area. Transient (stressed) conditions were 

calibrated by simulating two pumping tests performed on site. These pumping tests produced 

drawdowns within a small portion of the model grid, and transient calibration efforts were focused on 

this section of the model. Both transient and steady-state model calibration were performed by adjusting 

tn&al values of aquifer parameters and boundary conditions until an acceptable match of the modeled 

data was achieved when compared to observed measurements. 

The calrbratron process was interactive between the steady-state and transient conditions. Any changes 

made to aquifer parameters during steady-state calibration were incorporated into the transient 

calrbratron model. Therefore, the final values of aquifer parameters determined during calibration 

represent a ‘best-fit’ for the measured steady-state and transient data sets. 

6.1 CALIBRATION CRITERIA 

The calibration criteria is the acceptable difference (expressed in feet) between the measured data and 

the modeled data for a given pumping situation. Calibratron for the flow model was carried out until the 
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difference between the heads predicted by the model and the measured heads were within the 

calibration criteria. 

Generally, a groundwater flow model is to be considered calibrated when the difference between 

measured and modeled heads are less than one half the average fluctuation in the water table. In the 

area being modeled the water table had a natural fluctuation of approximately 4 ft, during 1991 and 

1992, as shown in Table 6-l. Therefore, a general calibration criteria of 2.0 ft was established, and was 

used for the steady-state model calibration. 

For the transient pump test simulations, a more rigorous calibration criteria of 1 .O ft was used for several 

reasons. Specifically, the pumping tests were performed in a small portion of the modeling grid, where 

numerous data points were present, node spacing is most dense, and precise measurements were 

made throughout the pumping tests. In addition, the flow of groundwater in the area around the NWIRP 

is of primary concern, as a potential source of contaminants (Site 1) is known to exist in these areas. 

For these reasons the 1.0 ft calibration criteria was used for transient simulations, and the modeled 

pumping tests were considered to be calibrated when model predictions of drawdowns were 2 1.0 ft 

when compared to measured drawdowns at each monitoring well. 

As part of the MODFLOW model, a volumetric budget (or water balance) is calculated internally by the 

program and acts as a check on the total amount of water entering and leaving the flow system (MC 

Donald and Harbaugh, 1988). This water balance provides an indication of the overall acceptability of 

the solutron. although does not indicate how accurately the model reflects the natural system. For 

example, a large water budget error can indicate problems with the conceptual model or hydraulic 

conductrvitres of the model. The water budget calculates how much water enters the system from 

precipitation. recharge basins, and constant head boundaries and compares this to the amount of water 

leaving the system due to well pumpage and constant head boundaries. Results are expressed in terms 

of percent error with ~0.50% error being considered to be the maximum allowable water balance error 

for all transient and steady-state calibration runs. 
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TABLE 6-l 
MONITGRING WELL WATER ELEVATIGNS - 1881 AND 1882 
PAGE 1 of 2 
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TABLE 6-l 
MGNITGRING WELL WATER ELEVATIGNS - 1881 AND 1992 
PAGE 2 of 2 
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6.2 STEADY STATE CALIBRATION 

Calibration of steady-state conditions was performed to correlate modeled water elevations with 

measured data for 61 observation wells located in the NWIRP and throughout the Grumman site. 

Steady-state calibration included performing simulations of two different pumping scenarios, which 

correspond to the lowest and highest yearly production rates at the Grumman production wells: low 

pumping conditions during February 1992, and high pumping conditions during August 1992. For these 

pumping scenarios monthly pumping rate data was available for each production well on the Grumman 

site, and water levels were taken at the end of each month. 

Due to seasonal precipitation fluctuations the constant head values assigned to the boundaries changed 

for the two months for which model calibrations were performed. 

6.2.1 Steady-State Calibration Procedures 

For each steady-state simulation the average pumping rates was determined for each Grumman 

productron well from monthly production well totals. Initially, recharge basins were assumed to receive 

all water pumped by the production wells. The simulation output was compared against the measured 

data, aquifer parameters were changed until the modeled data were within the k2.0 ft calibration criteria 

of measured results, and a best-fit was achieved across the modeled area. The final values of recharge 

basin recharge rates were determined during model calibration and were within 90% of the total water 

pumped from the production wells. Steady-state simulations were run until there was a change in head 

of less than .OOOl ft during one iteration of the simulation. 

6.2.2 Steady-State Calibration Results 

Calibration results for the low pumping conditions during February 1992 are presented on Table 6-2. 

Calibration results for the high pumping conditions during August 1992 are presented on Table 6-3. 

Calibration results summarized on these tables indicate that 56 of 61 wells in low pumping simulations, 
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TABLE 6-2 
MODEL CALIBRATION RESULTS 
LOW PUMPING CONDITIONS - FEBRUARY 21,1992 
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TABLE 6-2 
MODEL CALIBRATION RESULTS 
LOW PUMPING CONDITIONS - FEBRUARY 21,1992 
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HN-25D 16,21,3 71.21 71.43 
m6S 16,26, 1 

- .-- 
74.23 72.80 

HN-261 19, 26, 2 
-1.43 

73.28 72.54 
HN-27s 22+23,30,1 I 

-0.74 
74.21 74.38 

2 rrn 7 
0.17 

77 c4 77 lx n n7 

i3 4 -.-. 
077 

HN-271 22+2:, -“, & , Id.” 1 
HN-28s 26+27,2,.-w, , , a+7n 4 I 73 40 IL. lb 
,HN-281 26+27,29+30.2 i -1 -a 

HN-29s 2f -- -- 
HN-291 %+Z~,~V*LI,L /l.lY 

HN-290 (2) 26+27, 26+27, 3 69.42 
HN-30S (2) 22, 36+37, 1 I3.00 
HN-301(2) -9 =e+17 

I I “.“” I “.“I I 

I 72.38 I n 90 I 
#L.-- 1 U.LO a -- I 

I 
3.80 
c) c)q I 

5+27, ;Ld+ii, 7 

Il.& 72.20 
1 

U.YZ 

72.15 71.64 
- -- %L6.CI-A I 

-0.31 -A se 
71.72 0.53 
71.48 2.06 
-II -a - -- 

I 76. 

I aa. JU--., 2 I 72.50 I 74.82 I L.JL I 

NOTE: Calibration Criteria +/- 2.0 ft. 
(1) Monitoring well not included in calibration due to proximity to production well. 
(2) Monitoring well not included in calibration due to proximity to recharge basin. 

MEAN ERROR: -0.01 
ABSOLUTE RESIDUAL VALUE: 28.26 
MODFLOW WATER BALANCE ERROR: -0.05% 
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TABLE 6-3 
MODEL CALlBRATlON RESULTS 
HIGH PUMPING CONDlTlONS -AUGUST 28,1992 

I GRID AUG. 28.1992 MODELED MODELED - MEASURED 

GM-2S 2,33,1 72.39 73.20 0.81 
GM-21 6,33,2 71.28 71.05 -0.23 
GM-3S 4,lO 1 71.55 71.71 0.16 

. - - . . - 
13 77 1 I 70 73 I I -0.36 

w... .“. 1 I -. .-. v-.-w W.-T 

GM-l 2s 29,1-i,; 68.78 I 68.00 -0.78 
GM-121 29, 15,2 68.29 --.95 -0.34 
GM-l 3s 31,23,1 70.61 68.79 -1.82 
GM131 32,23,2 69.55 68.34 -1.21 

34.22.3 67.05 67.78 0.73 

1 68.54 67.67 -0.87 
CI *. 67.54 -0.90 

71 7n -n sa 
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TABLE 6-3 
MODEL CALIBRATION RESULTS 
HIGH PUMPING CONDlTlONS - AUGUST 28,1992 

I GRID AUG. 28,1992 MODELED MODELED - MEASURED 1 
LOCATION(R,C,L)R ELEVATION WATER ELEVA(FT) WELL _ ,,_/ ~~~ _.\_ rrr,,,~,ri,~:i~ .:,: i,:::,:: ::.:. . . .,... .,. . . . . . . ,. ,... . . . . . . . . . . . . . . . . . . . . :~~:~~::::::i~::::~::~::::.:.:.:~.: :: : : .’ ..“’ ..‘i.‘~;.:..r,.,.,.....?. ““““‘“““““~~“:~.:~~.:~~~::::~~~:::.:~~~::::::: _, ,, ,, ,‘:~:~f:~,.;,“‘.‘.“‘:.:...:.; .,,.: .,..:.:. ~ :./_.,...,....,.,.. / ../.... <..,..<.,i.:.:.:.:.:.: . . . . . . %...:.:.:‘.:.:.: . . . . ‘...i .v... ‘.‘.:.~.‘.“.“.. . . . . . ~,,\~ ,.,.,.,......... :.:.:;.:.:~,:.:..:.:.:.:.:,:.:...: . . . . . . . . L ,.,. . . A..,........ . . . . . . . . . . . ..A..... . . . . . . ..y.> ,.(.,.,.,.,.,.,.,.(.,.,. . . . . ..S’. .,.,,....._,.,.,.,.,.,.,,,.,,. :,: :;“‘.‘i.~~~‘:::.?.r . . . . . . . . . . . . . . . .._ . . . ..I.. I.. ..:.....: ..A:.: .,.,.,. \\\\ )... ?I\..\~~~?~~\)\))~~~~~~~ ,.~ .,.....,... .,,,.,.,.,.,.,_.,....,.......,.,.,.,.,.,... :.:.::~::i~.:.:~.:~::;:.:.:.:.:~.:~.:~.: .,...,.,., ~ .,....... _.,. .,.,.,.,.,.,... //...._.,...,.,.,,,,,,,,,, . . . . .._............... :,.,:.:.:.:.:.:~‘:::;.:.:.:.:...:.:.:.:.:.:.:.:.: . . . . . :.,>,.:.:: ii. :.., . . . .,.,., ;. “““““““:::“‘..‘.~~~.~:::::;::::::::::~~~’~.~...................:.~~::~::::::::::::::~,.::: :::i.::.:: ::: .“““““““““““‘.‘.‘.. . . . . . . . . . . . . ,,._.,.__, ,_, _ ,,:,:,:.:. :: ,.::.:::::: :. .‘:v(. I::.:.:.:.:.>>:...:. ./.. .i,.iiiiii.. .,.,. ..,. ,.. .:- ,..:,:,:,.((‘-.,:,:,:,:.: ~,:~~~:” ,:,,,:,:,:, .,,,,,., .~ _ _\ .,., . . . . . ..,.. L . . . . . . .A,, \/..... . . . 
HN-80 12) 1 47 cl7 9 I 7al I;= I 73.95 3.40 II) 3‘, J I ,“.JJ I 

-24s I 13.22,1 I 69.47 I 68.98 -0 4Q 1 

c) 1 
HN- -. .- 
HN-241 13,22,L 68.10 I 68.84 I 0 74 I 

HN-25s 16,21,1 WY.03 00.9 I -1.44 

HN-251 16+17,21+22,2 69.41 68.30 -1 .ll 
HN-25D 16,21,3 66.83 67.43 0.60 
HN-26s 18,26, 1 CI-. I 

HN-261 40 7A 7 
I- -- --~ 
HN-27s 
HN-271 
HN-28s 
HN-281 
HN-29s 
HN-291 

w I 

IY,a”,L I 7702 71.59 0.57 
22+23.30 1 I 75 64 I 7s 71 0.07 

L 
-- -- 

:;+23,30,' 
. -.-. .-.. . I 

I 3estroyed I I 
26+27.29 -n RR 
~~*LI,LY Il.JY 1.34 

26+27 =‘z JU I 70.47 -1.03 
26+27,m ay.56 I 70.24 0.68 -.-_ 

HN-290 (2) 26 I 69.77 I 2.53 1 
HN-30s 22, 36 _ , . -.-- 81 n3 - . s-v 1.67 
HN-301 (2) 22.36+37,2 1 

I 
74.36 I 76.71 I 2.35 I 

NOTE: Calibration Criteria +I- 2.0 ft. 
(1) Monitoring well not included in calibration due to proximity to production well. 
(2) Monitoring well not included due to proximity to recharge basin. 

MEAN ERROR: 0.02 
ABSOLUTE RESIDUAL VALUE: 36.64 

*MODFLOW WATER BALANCE ERROR: -0.04% J 
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and 55 of 61 wells in high pumping situations fall within the calibration criteria of k2.0 ft. The wells 

which fall outside the calibration criteria are described below. 

For both pumping conditions, wells which do not fall within the calibration criteria (referred to as outlier 

wells) are located in the vicinity of a production well, recharge basins, or exhibit unusual water 

elevations during some of the period for which water elevations were measured. Numerous production 

wells and recharge basins are active across the NWIRP and the Grumman site, and these activities can 

effect the local water-table significantly. The outlier wells are believed to be influenced by a some, near 

by external stress, such as a active industrial or residential recharge basin. 

Wells HN-61, GM-81, HNSD, HN-29D, HN-30s and HN-301 are in close proximity to active recharge 

basins and exhibit modeled water elevations which fall outside the calibration criteria of f 2.0 ft. The 

location of these wells near production wells or recharge basins may account for the disparities in model 

values of water elevations. Model pumping and recharge rates for production wells and recharge basins 

were determined from monthly totals, and these averages may not be accurate over shorter time 

periods, such as one day. Water levels taken in the immediate vicinity of recharge basins represent 

‘snap-shot’ pictures of water elevations, and will record a sudden change in water elevation in a near-by 

recharge basin, such as when the water level increases or decreases suddenly in the recharge basin 

due to a productton wells turning on or off. Monthly average pumping rates used in the model cannot 

simulate these daily changes for wells near the recharge basins. However, for wells not immediately 

adjacent to a recharge basin, the monthly averages represent good approximations of steady-state 

condrtrons over a monthly interval, as evidenced by the effective calibration of the majority of the 

monitonng wells during low and high pumping conditions. 

Well GM-61 IS located in the immediate vicinity of Grumman production well 13, an active production 

wells during 1991 and 1992. GM-61 shows a consistently low measured value, which may indicate that 

pumptng acttvity at PW-13 may be effecting the modeled vs. measured results in a similar fashion as 

described above for wells near recharge basins. Pumping at PW-13 may have decreased the measured 

values at thus well, while the model inputs assumed a consrstent pumping rate throughout the month. 

Well HN-15S, which fell within the calibration criteria, exhibits unusual water elevations consistently 

through out the 1992 period during which water elevations were taken. Typically a shallow and 
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intermediate well in the same area will exhibit a decrease in head of approximately 1.5 ft of head or 

less, between the two wells. Figure 6-l illustrates a graph of water levels at well HN-15s and HN-151. 

The normal relationship is seen in the October 1991 through January 1992 data for GM-l!% and GM- 

151. The sudden increase in the water elevation at GM-l 5s during February, which does not effect GM- 

151, does not conform to the typical trend of water levels at the site. This sudden increase in water level 

at GM-15s may be the result of a recharge basin or other external stress becoming active during the 

month of February 1992 and continuing at least through September 1992. To account for this, a 

recharge basin was assumed to be active in the vicinity of GM-15S, running at 306 gpm during low and 

high pumping conditions. This recharge rate for this recharge basin was determined during calibration 

to produce a result similar to the increase in water levels seen in the measured data at GM-15s. 

Wells GM3S, GM-31, GM4S. GM-41, GM-SS, GM-51 and GM-SS, GM-91, which are in the vicinity of the 

Hooker-Ruco chemical facility, generally were within the calibration criteria, although they consistently 

exhibited low modeled vs. measured results throughout model calibration, Three large recharge basins 

are present on the Hooker-Ruco site. Recharge activity at these Hooker-Ruco basins would account 

for the low modeled values produced at these wells during calibration simulations, as recharge may 

have been added to these basins during the two months used for calibration. Therefore, during the 

calibration simulations water was added at these basins to simulate recharge activity. Recharge rates 

at the Hooker-Ruco basins was determined during model calibration. During low pumping conditions, 

202 gpm was added to each basin, while during high pumping conditions an average of 838 gpm was 

added to each basin. Table 6-4 shows the pumping and recharge rates used during the February and 

August. 1992 calibration scenarios. 

The dtfference between the measured heads and the modeled heads was calculated for each well, and 

are listed rn Tables 6-2 and 6-3. This value indicates if the measured water elevation at a well is within 

the callbratlon cnteria. In addition to this value, two other quantitative calculations were preformed for 

the calrbratton runs to determine how closely the modeled data fit the measured data. 
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Figure 6-1 
GM-1 5s Water Elevation 1991 and 1992 
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TABLE 64 
PRDDUCflON WELL WMPtNO RATES FOR MODEL CALIBRATIDN SIMULATIONS 

(2) CALCULATIONS ARE TOTALS FOR EACH BASIN GRID BLOCK. 



The sum of the differences of modeled data and measured data (referred to as the mean error) indicates 

the amount of positive or negative model error for the calibration run. The mean error is calculated by 

the following formula: 

ME = ; i [h,,,-hJi 
I.1 

where ME is the mean error, hm is the measured head, hs is the simulated head, and n is the number 

of calibration values used. A zero value of mean error indicates equal amounts of positive and negative 

model error. Final calibration results for low pumping conditions have a mean error of -0.01 ft for low 

pumping conditions and 0.02 ft for high pumping conditions. Figures 6-2 and 6-3 graphically illustrates 

the amount of model error for the February and August 1992 simulations at each monitoring well. 

Because outlier wells may have been biased by recharge basin activity or production well activity, these 

wells were not included in the mean error values for these calibration scenarios. Figures 6-4 and 6-5 

illustrate the amount of model error present at each monitoring well for the February and August, 1992 

simulations for all wells, excluding the outlier wells. The mean error was minimized during model 

calibration. A small value of mean error alone does not indicate a good calibration, as both positive and 

negative mean errors are incorporated and may cancel out. For this reason, an additional measure of 

model accuracy was calculated. 

The absolute residual value is the sum of the absolute values of the differences between measured and 

modeled data for each monitoring well, and is calculated using the formula: 

where AR IS the absolute residual value, hm is the measured head, hs is the simulated head, and n 

is the number of calibration values used. A low absolute residual value indicates a good match between 

measured and modeled data. The absolute residual value for low pumping and high pumping conditions 

was mrnrmized during calibration. As noted in Tables 6-2 and 6-3, for low pumping conditions the 

residual value was 28.26 ft, and for high pumprng conditions absolute residual value was 36.64 ft. The 

outlier wells that fall outside the calibration criteria were not included in the calculation of mean error 

or absolute residual error because these wells were interpreted to be influenced by active recharge 
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basins and production wells. In addition to the statistical checks made on calibration solutions noted 

above, the water balance of each calibration run was checked. All calibration runs fell below the + 0.50 

% water balance error criteria. 

Qualitative water elevations are presented in the water-table maps which compare measurements of 

modeled and measured data. Figure 6-6 compares the February 1992 measured and modeled (low 

pumping) water-table map. Figure 6-7 compares the August measured and modeled (high pumping) 

water-table map. 

6.3 TRANSIENT CALIBRATION 

To calibrate the flow model for transient conditions, during which a stress is applied to the aquifer, two 

pumping tests which were conducted at the NWIRP, were simulated. The drawdowns produced in 

monitoring wells during the pumping tests were recorded, and this data was compared to model 

generated drawdowns. During pump test #l , the intermediate well HN-2712 was pumping at a rate of 

480 gpm for 2.8 days, while during pump test #2, the deep production well PW-11 was pumping at 890 

gpm for 2.9 days. A complete discussion of the results for two pumping tests is provided in AppendixE. 

6.3.1 Transient Calibration Procedures 

Transient calibration began by performing modeling runs for the two pumping tests using the aquifer 

parameters determined during steady-state calibration. Subsequently, aquifer parameters, such as 

vertical and honzontal hydraulic conductivitres. and storage were changed to achieved a best-fit between 

modeled and measured results for both pumping tests. For each pumping test simulation, all water 

pumped from .the aquifer by the pumping well was assumed to be returned to the Grumman recharge 

basins via outfall 010, and no addltronal water from other site actrvitres was contributed to the recharge 

basins BWD wells were assumed to be distant enough from the pumping test activities to preclude any 

effect on the observed drawdowns. and therefore, the BWD wells were not active during the simulations. 

6.3.2 Transient Calibration Results 

Table 6-5 presents a summary of the calibration results for the two pumping test simulations. Time- 

drawdown graphs comparing the modeled drawdowns and recovery results for the final MODFLOW 

model to the measured data for pump test #l are illustrated in Figures 6-8 through 6-19. The final 
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TABLE 6-6 
SUMMARY OF CALIBRATION RESULTS 
PUMP TEST #l AND PUMP TEST #2 

I Well Layer Location Location Measured Modeled Difference I 

HN-27S2 1 23 30 1.31 1.18 -0.13 

HN-27S3 24 30 1 .Ol 0.95 -0.06 

HN-2611 19 28 0.26 0.22 -0.04 

HN-2711 2 22 30 3.51 3.57 0.06 

HN-2712 23 30 5.05 5.13 0.08 
HN-281 26 29+30 0.59 0.51 -0.08 

27 29+30 
~~Mp:~s~#~~~~~ .‘.‘S ““SX : A:*::::h, ., .A.......> . . . . . . . ..L.. ?..? . . . . >..>? . . . . ..?I . . . . . . >..>:.... 

HN-25s 1 21 16 0.08 0.29 0.21 

HN-27S2 23 30 0.11 -0.84 -0.95 
HN-251 16 21+22 0.08 0.43 0.35 

17 21+22 

HN-2611 2 19 26 0.04 0.15 0.11 

HN-2712 23 30 0.12 -0.65 -0.77 
HN-281 26 29+30 0.17 -0.26 -0.43 

rFiiGK-1 -I- -0.02 ~ 0.21 r- -0.23- 

HN-250 3 16 21 0.17 0.57 0.4 
NH-290 26 26+27 0.27 0.08 -0.19 

27 26+27 
PW-10 5 17 19+20 < 0.5 0.69 0.19 

18 19+20 

PW-11 19 23 1.03 1.86 0.83 

NOTE: CALIBRATION CRITERIA FOR PUMP TEST SIMULATIONS = +/- 1 .O FT. 
(1) DIFFERENCE = MODELED - MEASURED 
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Figure 68 
MWX2Dnrdm(orRnp~~*l 
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Figure 6-9 Figure 6-9 
HN-27.9 Dtawdown for Pump Test I1 HN-27.9 Dmwdown for Pump Test I1 

Drawdown Data 
: 

.I’ ..: I.: I : ji 
: :. 

-1 5 1 / 1 
0' ,n 10.0 100.0 lmo.o 

1 Note l-IN2712 pumping at 448 gpm. Time (Minutes) 
lE4 

--w HN27S3 (Modeled) - HN27S3 (Measured) 1 
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Figure 6-l 0 
HN26I Dmwdown for Pump Test 11 
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Figure 6-11 
HN27ll Dravvdown for Pump Test tl 
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Figure 6-12 
HN2112 Chwdowm for Pump Ted 11 
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Figure 6-l 3 
HN26l Orawdwm fat Pump Tart 11 
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Figure 6-l 4 
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Figure 615 
HN-27S3 Recovery for Pump Test #l 
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Figure 6-16 
HNZSI Recaey for Pump Tes! 81 
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Figure 6-l 7 
HN27Il ReCOWytPRnpT.Sl#l 
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Figure 6-18 
HN27l2 Recovery for Pump Test 11 
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Figure 6-l 9 
FIN281 Reawery for Pump Test #I 
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calibration parameters for the model represent a best-fit for transient and steady-state flow conditions. 

Final calibrated model simulations had a MODFLOW water balance error of less than 0.15%. 

Measured results for pump test #l show significant drawdown (~1 .O ft) in 4 of the 6 observation wells. 

The pumping well had 5.05 ft of drawdown (corrected) occurring in the pumping well. The measured 

drawdown in the pumping well for both pump tests was corrected to account for the drawdown produced 

within the well casing, which is much higher than was actually produced in the aquifer. This correction 

was necessary to determine the amount of drawdown which actually occurred in the aquifer immediately 

outside the pumping wells which is simulated by the model, rather than the amount of drawdown inside 

the well casing, which was measured during the pumping test. This correction (described in 

Appendix E) involved determining the actual amount of drawdown which occurred at the well 

(determined from a distancedrawdown plot), comparing it to the measured drawdown in the pumping 

well, and using the ratio between actual and measured as a multiplier for the measured drawdown in 

the well. Use of this correction compensates for the drawdown produced in the well casing while 

maintaining the same shape of the timedrawdown curve for the pumping wells 

As shown in Table 6-5, the modeled results for pump test #l correspond closely to measured results 

at the pumping well and the five observation wells. In addition, the graphs comparing the simulated 

drawdowns and recovery results to the measured data for pump test #l also show similar modeled and 

measured results. The total amount of drawdown and the general shape of the drawdown and recovery 

curves are similar between the modeled and measured results, indicating that the model can 

successfully reproduce the pumping test results under transient conditions. 

As detailed in Appendix E, pumping test #2 did not produce significant drawdowns in observation wells. 

Small amounts of drawdowns were seen in the observation wells, with ~0.5 ft change in head being 

observed during the pumping test in all of the observation wells. This small amount of drawdown is 

difficult for the model to simulate for several reasons. Specifically, model drawdowns produced at well 

nodes are composite values of drawdowns over the entire 100 ft by 100 ft grid block. Small changes 

in drawdown observed in the natural system may be too small to be simulated effectively, as the model 

assumes that the location of each observation well corresponds to the center of that grid node. This 

assumption, inherent in any block-centered flow model, can cause difficulty when trying to simulate small 

changes in head or drawdowns. In addition, the production well screen is located several hundred feet 
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below the observation wells, which can also add error in the model predictions when attempting to 

simulate small-scale changes in head. An additional well with an unknown location was also cycling on 

and off during this pumping test, which effected total drawdowns seen in the observation wells (as 

described in Appendix E). Because the location and pumping rate of this well is unknown, this additional 

well could not be added to the model simulations. For these reasons, no comparison of modeled to 

measured drawdowns was made during the duration of this pumping test. Calibration of pumping test 

#2 was considered complete when the modeled drawdown was within the 1 .O calibration criteria. Table 

6-5 summarizes calibration results of pumping test #2. 

6.4 FINAL CALIBRATION VALUES OF AQUIFER PARAMETERS 

The final values of horizontal hydraulic conductivity and vertical hydraulic conductivity for layers 1 

through 5 are summarized in Figures 6-20 through 6-24. Storage values were constant for all grid 

blocks in each model layer. Layer 1 had a constant storage value of 0.05, and layers 1 through layer 

5 have a constant storage value of 0.0012. A constant porosity of 0.20 was assumed for all model 

layers. The constant head elevations used in all model simulations are given in Table 6-6. Water 

elevation contour maps from the final calibrated model are presented in Figures 6-25 to 6-29 for 

February 1992 conditions, and Figures 6-30 to 6-34 for August 1992 conditions. 

6.5 STATISTICAL ANALYSIS OF MODEL CALIBRATION RESULTS 

To determine if the model data generated during calibration compares favorably to measured data, the 

results of the.calibration were evaluated both qualitatively and quantitatively. The output of the final 

calibration run for the two steady-state simulations, and the two transient pumping test simulations were 

analyzed by plotting a linear regression of the modeled data to determine how well the modeled data 

set compared to the measured data set. To qualitatively determine if any systemic errors exist in the 

modeled water data (i.e., if consistently high or low regions are present), residual contour plots were 

generated for the steady-state calibration runs. For both the linear regression and residual contour 

analysis, the outlier wells were not included, as these wells may have been biased by localized pumping 

or recharge effects. 
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TABLE 6b 
CALIBRATION VALUES OF NORTH AND SOUTH CONSTANT HEAD BOUNDARY ELEVATIONS 

LOW PUMPINQ CONDITIONS -FEBRUARY 1992 

HIQH PUMPING CONDtTlONS - AUQUST 1992 

COLUMN 9 LAYER 3 LAYER 4 LAYER 5 

ML I 56.65 I 58.75 I 56.65 

R ems1 = Feet Above Mean Sea-Level 
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Figure 6-25 February 1992 model layer 1 water elevation contour map. 
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Figure 6-26 February 1992 model layer 2 water elevation contour map. 
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Figure 6-27 February 1992 model layer 3 water elevation contour map. 
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Figure 6-28 February 1992 model layer 4 water elevation contour map. 
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Figure 6-29 February 1992 model layer 5 water elevation contour map. 
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Figure 6-30 February 1992 model layer 1 water elevation contour map. 
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Figure 6-31 February 1992 model layer 2 water elevation contour map. 
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Figure 6-32 February 1992 model layer 3 water elevation contour map. 
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Figure 6-33 February 1992 model layer 4 water elevation contour map. 
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Figure 6-34 February 1992 model layer 5 water elevation contour map. 
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6.51 Linear Regression 

A linear regression was performed for the two pumping test simulations and the February and August 

1992 data. Modeled water elevations were plotted against measured water elevations, and a regression 

line for the points was calculated using the least-squared method. Figures 6-35 and 6-36 show the 

linear regressions for the February and August 1992 data. The slope of the regression line indicates 

if a direct relationship exists between the dependant and independent variables. A slope of 1 .O indicates 

a direct relationship. 

The slope of the regression line for the February 1992 data has a slope of 0.904, and the slope of the 

line for the August 1992 data has a slope of 0.981. When both data sets are combined, as illustrated 

in Figure 6-37, the slope of the regression line is 0.946. The regression lines for all steady-state data 

sets indicate a close to linear relationship for the measured and modeled data. Water elevation is a 

function of location within the model grid with higher elevations being present in the northern portion of 

the site and lower elevations towards the south. The nearly direct relationship of measured to modeled 

data for the entire range of water elevations indicates that model accuracy does not decrease with 

higher or lower values of water elevation across the site. 

Figures 6-38 and 6-39 show the regressions for pump test #1 and pump test #2 drawdowns. The 

regression line for pumping test #1 drawdown data has a slope of 1.036 and shows a tight clustering 

of data around the regression line, which indicates a very close relationship between measured and 

modeled drawdown data. Due to the difficulty in simulating the small amount of drawdown produced 

in pumping test #2, the slope of this regression line for this data has a slope of 1.994 and shows scatter 

of data points around the regression line. 

6.5.2 Residual Contours 

A residual contours plot shows the distribution of model error over the model area for a given pumping 

scenario. Residual contour plots are useful for determining if trends are present in the distribution of 

model error over the grid. If trends of significantly high or low model error are seen in the residual 

contour plots in more than one pumping condition in a specific area, it may indicate aquifer parameters 
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Figure 6-36 
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Figure 6-37 
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Figure 638 
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in that area need to be adjusted to eliminate these errors or adjustments need to be made to the 

production well or recharge rates in the area. 

Residual contours were produced by entering the difference of modeled to measured values for water 

elevation (error expressed in feet) into the contouring package, SURFER. For both the February and 

August 1992 pumping conditions a separate plot was made for layer 1 and layer 2, using shallow and 

intermediate well error data. Insufficient numbers of deep wells exist on the site for a residual contour 

plot to be constructed for layer 3. Figures 640 and 641 show the residual contour plots for layer 1 and 

layer 2 of the calibrated February 1992 pumping conditions. Figures 642 and 643 show the residual 

contour plots for layer 1 and layer 2 of the calibrated August pumping conditions. 

Generally, model errors across the site do not show significant trends between pumping scenarios. 

Areas of *l .O ft model error were considered to be within acceptable levels of error as they are well 

below the +2.0 ft calibration criteria. Regions of greater than 1 .O ft positive model error are evident in 

the GM-21 region in the shallow and intermediate plots of the February 1992 model data. Areas of 

more than 1 .O ft negative model error are present in the vicinity of GM-l 3 and HN-25 in the shallow and 

intermediate plots of the August 1992 model data. These areas of slightly higher model error were not 

considered to be a concern, because the wells in these area were within the calibration criteria, and 

during model calibration attempts were made to correct these areas of model error. Also, these trends 

in model error are not consistent across pumping conditions and may represent increased pumpage or 

recharge at the production wells and recharge basins in the vicinity of these wells during the time period 

when water elevations were measured. The model simulations assume a constant pumping and 

recharge rate throughout the month, and short-term changes in pumping or recharge rates could effect 

the modeled vs. measured results. 
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Figure 6-40 February, 1992 Residual Contour Plot, Layer 1 
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Figure 6-41 February, 1992 Residual Contour Plot, Layer 2 
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Figure 6-42 August, 1992 Residual Contour Plot, Layer 1 
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Figure 6-43 August, 1992 Residual Contour Plot, Layer 2 
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7.0 MODEL VALIDATION 

Model validation is a check on how well the model can predict a set of water elevations, utilizing the 

model parameters established during model calibration. Validation helps establish confidence in the 

model by predicting the heads at observation points within the acceptable levels of error given a set of 

pumping conditions. Model validation for the MODFLOW model consisted of entering the known 

pumping rates for production wells and recharge basins for two separate months, running the model to 

a steady-state, and comparing model output to measured data for those months. Two validation 

scenarios for January and July 1992 were simulated, . 

7.1 VALIDATION PROCEDURES 

Two data sets of Grumman production well data and site wide monitoring well data were utilized 

(January 1992 and July 1992). These two data sets were not used during model calibration and 

represent independent data sets for model validation. The January 1992 and July 1992 data sets were 

chosen for validation because these months occur immediately before February and August, 1992, 

which were used during calibration. The January 1992 and July 1992 data was considered to represent 

the most similar boundary conditions to those used for calibration, as they occur in the same seasons 

as the calibration runs. Precipitation data indicates that January and July are more similar to February 

and August, than March and September (the other months considered for validation). Using months in 

similar seasons, with similar amounts of precipitation for calibration and validation is important because 

the total precipitation will effect the water elevations at the northern and southern constant head 

boundaries, which effect water elevations across the modeled area. 

For each validation scenario, the Grumman production well data was input into the model, and run to 

a steady-state. The model output was then compared to measured results at each monitoring well. 

Pumping rates for Grumman production wells were determined from the monthly totals for each well. 

All of the water pumped from the production wells was assumed to be recharged into the Grumman 

recharge basins. Hooker-Ruco recharge basins were assigned the same recharge rates as those used 

in the February and August 1992 calibration runs. Pumping and recharge rates used for the January 
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and July, 1992 validation scenarios are listed in Table 7-l. The recharge basin at GM-l% was no+ 

active during the January, 1992 validation run, as water levels indicate that this activity did not begin 

until February 1992 (see Figure 6-l). The GM-15 basin was active in the July 1992 simulation at the 

recharge rate determined during the August 1992 calibration run. 

All other model parameters, such as recharge, horizontal and vertical hydraulic conductivity, were 

identical to those used in model calibration. The January 1992 validation was performed using February 

1992 boundary conditions, while the July 1992 validation was performed using the August 1992 

boundary conditions. 

7.2 VALIDATION RESULTS 

Tables 7-2 and 7-3 present the results of model validation for January and July, 1992 scenarios. 

Figures 7-1 and 7-2 graphically illustrate the amount of model error for each monitoring well at the site. 

The January 1992 validation run results show that the difference between the modeled and measured 

water elevations falls within the k2.0 ft criteria for 56 of 58 monitoring wells. Two wells (GM-61 and GM- 

17s) fall outside the k2.0 ft criteria. These wells are in the immediate vicinity of a production well and 

recharge basin and, as discussed in Section 6.2.2, are considered outlier wells and were not included 

in calculation of mean error because they may be effected by pumping or recharge activity. 

Results of the July, 1992 validation run show that the difference between the modeled and measured 

water elevatrons fall within the k2.0 ft criteria for the majority of the monitoring wells. Five wells, GM-61, 

GM-17S, HN-8D. HN-29D and HN-301, are in the immediate vicinity of a production well or recharge 

basins, and as discussed in Section 6.2.2. are considered outlier wells and were not included in 

calculation of mean error because they may be effected by pumping or recharge activity. As shown in 

Figure 7-2, three monitoring wells, GM-‘ID. GM-8S and HN-281 showed a modeled to measured 

difference of greater than k2.0 ft. The remaining 51 of 59 monitoring wells fall within the k2.0 ft criteria. 

Due to the nature of the validation process, no aquifer parameters were altered between the calibration 

runs and the validation runs, including the constant head elevations. The seasonal variation of constant 

head elevations which is suspected to exist in the natural system, was not accounted for in model 
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TABLE T-1 

PRDDUCTIDN WELL PUMPINO RATES USED IN MDDEL VALIDATION SIMUIATIDNS 

(2) CALCULATIONS ARE TOTALS FOR EACH BASIN GRID BLOCK. 
(3) RECHARGE RATE DATA NOT AVALIABLE FOR HOOKER-RUCO OR GM-l!35 RECHARGE BASINS. 



TABLE 7-2 
MODEL VALIDATION RESULTS 
JANUARY 1992 

I GRID JAN. 24, 1992 MODELED MODELED - MEASURED 
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i 

TABLE 7-2 
MODEL VALIDATION RESULTS 
JANUARY 1992 

NOTE: Calibration Criteria +/- 2.0 ft. 
(1) Monitonng well not included in calibration due to proximity to production well 
(2) Monitoring well not included due to proximity to recharge basin. 

MEAN ERROR. -0.41 
ABSOLUTE RESIDUAL VALUE: 46.02 
MODFLOW WATER BALANCE ERROR: 0.10% 
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TABLE 73 
MODEL VALIDATION RESULTS 
JULY 24,1992 PUMPING CONDITIONS 

I GRID JULY 24.1992 MODELED MODELED - MEASURED 1 

11.16 

74.58 1.54 
I I U.9L I 72.13 1.71 

7n n4 I 70.45 0.41 
7n ?c) nM 

GM-5S lO,lO, 1 I u.w 
GM-51 10, 10,2 69.68 I V.36 I -.- . 
GM-6.S 11,21,1 69.70 lza 77 I 0.07 I .. 

I . -. - ^ a a^ I 
“I., I 

IGM-6’ e.1 -vm (2) I I 11, 27, 2 . I 04.;lY I 69.67 5.28 
71.25 0.69 
71.04 0.68 

2.71 
. -- 

,.“I 
I 

1.89 0.84 
1.70 1.08 
-- A rre 

a.47 1.88 
“8.17 0.57 
72.73 0.48 . .- I 

3.P” -.-- I 

5.26 0.93 
I “1.37 1.58 

-- -- 

67.62 -U.Z6 
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TABLE 73 
MODEL VALIDATION RESULTS 
JULY 24,1992 PUMPING CONDITIONS 

I GRID JULY 24,1gg2 MODELED MODELED - MEASURED1 
WELL LOCATION (R.C.U WATER ELEVATION WATER ELEVATION /FT\ 

.,,... . . . . . . . . . \I..... _.... I... . . .._L . . . . _/~..\j...~~,~..,.., ..,,.,~.~..~..,,_~I~,.. ‘.,~,~~.~)))~~,~~~~~~ .~~:;~~~~~~~~~~~~~:i:~:iri:~~~~~~ ,.%,A% ..A.\ >,..>:.:.:.>\‘. .,.,.,.,.(.,.i_,_ji 
HN-80 (2, , 70 88 -.-- i .‘4.87 3.99 
HN-24” 
“I”-LV ; 

I I* - . 
13,LL, I 

I 69.32 69.71 0.39 
“LI 911 13,22,2 / 67.80 I 69.57 1.77 . . . . 
HN-25s 16,21, 1 I 69.83 69.28 -0.55 -.-- i 
HN-251 16+17,21+22,2 I 69.26 I 69.20 -0.06 -._- I 
HN-25D . . _ --. 16,21,3 66.49 68.34 1.85 
HN-26! s 18,26,1 72.91 72.48 -0.43 
HN-261 I IQ 76 7 . -, --, - I 71.47 72.03 0.56 
HN-27s I 22+23,30,1 I 77.70 I 76.91 -0 79 -.. - 

estroved I 22+23,30,2 D 
26+27,29+30,1 71 .g7 72.66 
26+27,29+30,2 69.86 72.26 
26+27,26+27,1 71.13 71.32 
26+27,26+27,2 69.27 71.08 
26+27, 26+27, 3 66.88 70.59 

22,36+37, 1 80.64 82.40 
22, 36+37, 2 74.84 78.82 

0.69 
2.40 
0.19 
1.81 
3.71 
1.76 
3.98 

Note: calibration criteria1 +I- 2.0 ft. 
(1) Monitoring well not included in validation due to proximity to production well. 
(2) Monitoring well not included in validation due to proximity to recharge basin. 

MEAN ERROR: 0.75 
ABSOLUTE RESIDUAL VALUE: 48.64 
MODFLOW WATER BALANCE ERROR: -0.04% 
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validation, because if changes were made to the model constant head elevations the run would be 

considered to be a calibration run rather than a validation run. This disparity between the natural 

system and the modeled system may account for the generally low modeled vs. measured results in the 

January 1992 validation run (-0.41 ft mean error) and the generally high modeled vs. measured results 

in the July 1992 validation run (0.75 ft mean error). Apparently, natural boundary conditions were higher 

in the January 1992 run, which used February boundary conditions, while the natural boundary 

conditions were lower for the July validation run, which used August boundary conditions. The 

consistently low modeled results across the site in the January 1992 simulation and the consistently high 

model results across the site in the July 1992 simulation suggest that these differences may be due to 

constant head elevations rather than errors in the hydraulic conductivity or other model parameters. All 

aquifer parameters were constant at calibration values during the two validation runs. If the consistently 

high and low modeled values were due to errors in aquifer parameters (such as hydraulic conductivities, 

or recharge), the modeled to measured differences would show specific high or low modeled values in 

all simulations rather than the pattern seen in validation. 
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8.0 PARTICLE TRACKING 

MODPATH, a module of MODFLOW, was used to track the locations of particles after simulated 

releases of contaminants from suspected source areas. Particle tracking was performed to determine 

the possible directions and rates that contaminants will move after a release. Several particle tracking 

scenarios were performed, each under a different pumping condition of Grumman production wells and 

recharge basins, and with different BWPD well pumping rates. MODPATH utilizes the groundwater flow 

data generated by MODFLOW and simulates advective transport of particles. Other contaminant 

transport parameters, such as diffusion, dispersion, contaminant half-life, are not considered in the 

MODPATH simulations. All MODPATH simulations were performed using the aquifer parameters 

determined during model calibration for pumping scenarios run to a steady-state. 

Particle tracking analysis is used to trace flow paths, expressed as lines, by tracking the movement of 

infinitely small imaginary particles placed in the flow field. This process may also be used to determine 

the capture zone of a well by releasing particles in a grid block, generally a well, and tracking the 

particles in reverse along pathlines to determine their source. 

8.1 PARTICLE RELEASE LOCATIONS 

For each pumping configuration, particle tracking analysis was performed for three separate release 

locatrons. Particles were released from possible contaminant sources at Site 1 and the northern 

Grumman recharge basins. For these two sites particle tracking was performed in the forward direction 

to determine where particles would move with time. Particles were also released at the eastern BWD 

wells (BP-07, BP-08 and BP-09) and particle tracking was performed in reverse to determine the capture 

zones of these wells under the various pumping conditions. For all particle tracking simulations, 

recharge was applied to the top layer of the model; particles were not influenced by weak sinks; and, 

particles were not placed in constant head nodes. 
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8.1.1 Site 1 

The particle release location of Site 1 is shown in Figure 8-l. Particles were released from four grid 

blocks with two particles being released from each face of each block. Twelve particles were released 

from each grid block with a total of 48 particles released from Site 1. 

8.1.2 NWIRP Basins 

The particle release locations of the NWIRP recharge basins are shown in Figure 8-l. Particles were 

released from 16 grid blocks with one particle being released from each face of each block:. Six 

particles were released from each grid block with a total of 96 particles released from the north recharge 

basins. 

8.1.3 BWD Wells 

Particles were released from each of the three BWD wells to the east of the NWIRP. The location of 

these wells is shown in Figure 6-6. Four particles were released from each face with 24 particles 

released from each well. These particles were backwards tracked to determine where they originated 

in order to define the capture zone of each well. 

8.2 PUMPING SCENARIOS 

Several pumping scenarios were considered for particle tracking simulations. These pumping scenarios 

were based on past, current, and future potential pumping configurations at the Grumman production 

wells, Grumman recharge basins, and BWD wells. The emphasis of these simulations was to determine 

where particles will move after a release from potential contaminant sources and what effect, if any, 

these potential contaminant sources will have on BWD wells. 

The results of the MODPATH particle tracking analysis are presented as water table maps which reflect 

the modeled water elevation in layer 1, with the particle tracks overlaid. Presenting both particle tracks 

and the water table allows for the inspection of the particle trackways, and the geometry of the water 

table, which is controlled by the wells and basins which are active during each pumping scenario. 
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8.2.1 Current Conditions 

Current conditions were simulated in order to determine where contaminants may be moving under 

current pumping conditions. Production well pumping rates for current conditions at the Grumman site 

were determined from 1991 and 1992 average pumping rate data. The yearly average was determined 

for each Grumman production well, and pumping rates used in the scenarios for these wells are listed 

in Table 8-1. All water removed from the pumping wells north of the LIRR tracks was recharged to 

northern recharge basins, and water removed from the south Grumman production wells was recharged 

to the south Grumman recharge basins. 

BWD wells production rate data was determined from 1991 and 1992 average pumping rate data, and 

pumping values used in the scenarios are shown on Table 8-2. The BWD wells were considered to be 

pumping at 120% of 1991 and 1992 rates, and well BP-09 was considered to be active despite it being 

taken off-line in 1991. These assumptions represent conservative estimates of the current conditions 

at the BWD wells. Three recharge basins were considered to be active on Hooker-Ruco property, 

pumping at 202 gpm per basin, a rate determined during model calibration. In all of the pumping 

conditions water pumped from the BWD well was considered to be removed from the flow system. The 

northern and southern constant head elevations were averages of the February and August conditions. 

The particle tracking results for current pumping conditions are illustrated in Figures 8-2 through 84. 

Table 8-3 summarizes starting location and final location results‘of the particle tracking analysis, and 

the maximum and minimum travel times for all pumping conditions. Results of the particle tracking are 

listed below: 

. All particles released from Site 1 under current pumping conditions are captured by PW-01, l 

Particles released from the recharge basins show that 30% of particles released are captured 

by Grumman production wells PW-01. PW-09, PW-10, PW-1, PW-15 and PW-16. The remaining 

70% of the particles flow to the south constant head boundary. No particles from the north 

recharge basins are captured by BWD wells BP-10 or BP-1 1, and, 

. The capture zone for BWD wells BP-07. BP-08 and BP-09 extends into the northern constant 

head boundary. 
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TABLE 8-l 
AVERAGE GRUMMAN PRODUCTION WELL PUMPING RATES FOR AVERAGE AND HIGH PUMPING CONDITIONS. 

PRODUCTION LOCATION LAYER % PUMPED 199111992 AVERAGE PUMPING RATE (1) HIGH PUMPING CONDITIONS 
WELL ROW COL. 

‘sour,, PROD”C~‘,,,,& :.,;:),,: ,: 
FROM LAYER alJda 

: : :; 
c 

(g ::.i::.i,: 

PW-1 42,lO 5 100% 1,497,655 1,040 1,296,ooo 900 

PW-2 34,ll 5 100% 132 0.092 1,296,ooo 900 

PW-3 38,9 5 100% 105,441 73 1,296,ooo 900 

PW4 39,ll 4 100% 211 0.147 1,296,ooo 900 

PW-5 31,9 4 100% 285 0.198 1,296,OOO 900 
PW-6 27, 7 3 11% 47,760 33 142,560 99 

4 89% 386,418 268 1,153,440 801 
SOUTH PRODUCTION WELL TOTALS: 
‘sOuTH RECHARGE BASINS. WF- ~6,~ AND #It ;: :j. ,. 

.:...I ’ 
1 100% 

510 
‘1” :,:,.: .:::j: : ‘; ..:,i ::.. 

VI PW-8 1 15,13 v 16% . 
5 84% 4,040 3 1,088,640 756 

PW-9 16,16 4 100% 716,967 498 1,296,ooo 900 

PW-10 18,19 4 100% 790,707 549 1,296,ooo 900 
PW-11 19,23 4 37% 149,128 104 479,520 333 

5 63% 253,921 176 816,480 567 

PW-13 12,18 5 100% 702,770 488 1,296,ooo 900 
PW-14 21,13 4 62% 170 0.118 803,520 550 

5 38% 104 0.072 492,480 342 

PW-15 14,26 5 100% 318,482 221 1,296,OOO 900 

PW-16 9, 31 4 I 100% 1 ,I 73,992 815 1,296,OOO 900 
NORTH PW TOTAL: 4,111,051 2 855 10 368 000 7 200 
IJORJ”# ,RfZG)1ARQE BAs)Ns :h OwFAa m .mD ,olo~.~ ::i:i:iiii:i.i.ii::~~~~~~~~~~ e .a . . ..I >>>,z+XX..i...> 

24 GRID BLOCKS (2) 1 - 

_...._.... 

I 1 100% 171,294 I 119 I 432,000 I 300 
(1) Monthly pumping rates from Grumman Aerospace data. 
(2) Calcula~ons are-totals for each basin grid block. 

- - 



TABLE 8-2 
AVERAQE AND HIQH PUMPING RATES FOR BWD WELLS 

WELL NYS MC QRID TOTAL SCREEN AVERAQE CONDllIDNS (1) HIQH PUMPINQ CDNDITIDNS (2) 

(1) Data is 120% of lsS1 average pumping rata (fromls91 Bothpage Water Districl Annual Operations Report). 
(2) Actual capacity or Wells. 
(3) Well B assumed to be pumping at same rate as well 8. although mll vms not pumping in 1991. 
(4) Well BP-08 is bated oft of the mod.1 grid. Pumping rates em given for comparison to other BWD wells. 
lbgs = feet below ground surface. 
mgpd = millbonr of gallons per day. 
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Figure 8-2 
Particle Tracking Results - Site 1 Release - Current Conditions. 
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Figure 8-3 
Particle Tracking Results - NWIRP Basin Release - Current Conditions. 
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Figure 8-4 
Particle Tracking Results - Capture Zones of BWD Wells - Current Conditions. 
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TABLE 83 
SUMMARY OF PARTICLE TRACKING RESULTS AND TRAVEL TIMES 

Condii ConditlOllS Recharge Basins 96 30% 2.4113.8 70% 20.4 155.5 0% 0 

Site 1 48 

Wh Awrage Recharge Basins 96 _ 

BWD Wells (1) 72 

Sile 1 48 

Wh High Recharge Basins 96 

Sile 1 48 

No Pumping Average Recharge Basins (2) 0 

BWD Wells (1) 72 

Site 1 48 

No Pumping High Recharge Basins (2) 0 

BWD Weds (1) 72 

(1) Capture zone analysis psrformed for BWD V&IS. 
(2) Recharge basins inactive during No Pumping COnditiOnS. 

100% 3.0 I 11 .B 0% 0% 0 

73% 0.8 140.4 24% 20.7 155.2 3% 10.4 124.1 

7% 7.4118.6 93% 1.6 I 34.9 

100% 4.0 I 11.6 0% 0 0% 0 

65% 0.8 139.3 2% 30.9 159.9 33% 7.4 I 49.5 

1.2126.6 - 

0% 0 100% 49.7 159.5 0% 0 

0% 0 100% 2.0 I 10.0 

0% 0 0% 0 100% 48.0 155.0 

0% 0 100% 1.7 139.9 



8.2.2 High Pumping Conditions 

High pumping conditions were simulated to detenine where particles may have moved from 

contaminant sources during past pumping conditions. Before 1985 additional pumping/recharge activity 

at the Grumman production wells and recharge basins may have occurred due to the increased 

manufacturing activity at the facility. High pumping conditions at Grumman were simulated by pumping 

all 14 production wells at 75% of maximum capacity, as listed in Table 8-l. All water pumped by 

Grumman production wells was returned to the recharge basins. Three recharge basins were 

considered to be active on Hooker-Ruco property, recharging at 202 gpm per basin (this rate was 

determined during model calibration). The northern and south constant head elevations were averages 

of the February and August 1992 conditions. Two separate scenarios were considered for past pumping 

conditions at the BWD wells, as described below. 

8.2.2.1 Average BWD Well Pumping Conditions 

Average BWD well pumping conditions were simulated by pumping at the rate determined from 1991 

and 1992 average pumping rate data. Pumping values used in the scenarios are shown on Table 8-2. 

The BWD wells were considered to be pumping at 120% of 1991 and 1992 rates, and well BP-09 was 

considered to be active despite it being taken off-line in 1991. These assumptions represent 

conservative estimates of the current conditions at the BWD wells. 

The particle tracks for high Grumman pumping and average BWD pumping conditions are illustrated in 

Figures 8-5 through 8-7. Results of the particle tracking are,listed below: 

. All particles released from Site 1 are captured by PW-14 and PW-05, 

. 73% of particles released from the recharge basins are captured by the Grumman production 

wells, 24% reach the south constant head boundary, while 3% of particles reach BP-08 from the 

NWIRP recharge basins, and, 

. The capture zones for BWD wells BP-07, BP-08 and BP-09 extend primarily into the northern 

constant head boundary. Some particles originate in the vicinity of the NWIRP recharge basins. 

Three particles (4% of total) move from the north recharge basins to BP-08, while two particles 

(3% of total) move from northwest of the recharge basins to BP-09. 
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Figure 8-5 
Particle Tracking Results - Site 1 Release - Grumman at High Pumping Conditions, BWD at 
Average Pumping Conditions. 
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Figure 8-6 
Particle Tracking Results - NWIRP Basin - Grumman at High Pumping Conditions, BWD at 
Average Pumping Conditions. 
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Figure 8-7 
Particle Tracking Results - Capture Zones of BWD Wells - Grumman at High Pumping 

Conditions, BWD at Average Pumping Conditions. 

i- 
t\ -64 

i- 

62 

I 

r 

r 6b------ 

i- 

r----h 

f I , I I I , 1 I 
0 0 

3 lam .- Ym - YPD Ym 300 Ym - topp 3*om 

. * P~OauCt80n Hell Locotlon 
- - uNUS or Geroqnty & U3saer Momtonnq Nell 

SCALE ' "C? = 21x ': 

I I 

8-14 



8.2.2.2 High BWD Well Pumping Conditions 

This pumping condition was simulated to determine were particles may have moved under past pumping 

conditions. These high pumping conditions may not have occurred in the past for extended periods of 

time, as assumed in the model run. However, these situations may represent end-member flow 

conditions which affected groundwater flow at the site. In this scenario all BWD wells were pumping at 

their actual (highest) capacity. 

The particle tracks for high Grumman pumping and high BWD pumping conditions are illustrated in 

Figures 8-8 through 8-10. Results of the particle tracking are listed below: 

. All particle released from Site 1 are captured by PW-14 and PW-05, 

. 65% of particles released from the recharge basins are captured by Grumman production 

wells with 2% reaching the south constant head boundary. BWD well BP-l 1 receives 19%, 

BGD-1 receives 7%, BP-08 receives 6% and BP-09 receives 1% of the total particles released, 

. The capture zones for BWD wells BP-07, BP-08, and BP-09 extend primarily into the northern 

constant head boundary, although 8% of particles move from the NWIRP recharge basins to 

BP-08. 

8.2.3 No Pumpina Conditions 

No pumping conditions were simulated to determine how contaminants would move if Grumman 

production wells and recharge basins were inactive and no pumping activity was occurring at the 

Grumman site. These conditions may have occurred during the past, during holidays or during periods 

of slow production. All Grumman production wells and recharge basins were considered to be inactive. 

Recharge basins at Hooker-Ruco were considered inactive. As with all pumping scenarios, the northern 

and southern constant head elevations were averages of the February and August 1992 conditions. 

Two separate scenarios were considered for past pumping conditions at the BWD wells, as described 

below. 
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Figure 8-8 
Particle Tracking Results - Site 1 Release - Grumman at 
High Pumping Conditions. 
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Figure 8-9 
Particle Tracking Results - NWIRP Basin - Grumman at High Pumping Conditions, BWD at 
High Pumping Conditions. 
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Finure 8-l 0 
P&tide Tracking Results - Capture Zones of BWD Wells - Grumman at High Pumping 
Conditions, BWD at High Pumping Conditions. 
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below. 

8.2.3.1 Average BWD Well Pumping Conditions 

Average BWD well pumping conditions were simulated by pumping at the rate determined from 1991 and 

1992 average pumping rate data. Pumping values used in the scenarios are shown on Table 8-2. The 

BWD wells were considered to be pumping at 120% of 1991 and 1992 rates, and well BP-09 was 

considered to be active despite it being taken off-line in 1991. These assumptions represent 

conservative estimates of the current conditions at the BWD wells. 

The particle tracks for no pumping at Grumman and average BWD pumping conditions are illustrated in 

Figures 8-11 and 8-12 . Results of the particle tracking are listed below: 

Particles released from Site 1 move to the south constant head boundary, and, 

The capture zone for BWD wells BP-07, BP-08 and BP-09 extends into the northern constant 

head boundary. 

8.2.3.2 High BWD Well Pumping Conditions 

This pumping condition was simulated to determine were particles may have moved under past pumping 

conditions. These high pumping conditions may not have occurred in the past for extended periods of 

time, as assumed in the model run. However, these situations may represent end-member flow 

conditions which affected groundwater flow at the site. In this scenario all BWD wells were pumping at 

their actual capacity, which, as shown on Table 8-2 is a significantly higher rate than average values. 

The particle tracks for no pumping at Grumman and high BWD pumping conditions are illustrated in 

Figures 8-13 and 8-14. Results of the particle tracking are listed below: 

42% of the particles released from Site 1 were captured by BP-lo, and 58% were captured by 

BP-l 1, and, 

The capture zone for BWD wells BP-07, BP-08 and BP-09 extends into the northern constant 

head boundary. 
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Figure 8-l 1 
Particle Tracking Results - Site 1 Release - No Pumping at Grumman, BWD at Average 
Pumping Conditions. 
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Figure 8-12 
Particle Tracking Results - Capture Zones of BWD Wells - No Pumping at Grumman, BWD at 
Average Pumping Conditions. 
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Figure 8-l 3 
Particle Tracking Results - Site 1 Release - No Pumping 
Conditions. 
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Figure 8-l 4 
Particle Tracking Results - Capture Zones of BWD Wells - No Pumping at Grumman, Bi/vD at 
High Pumping Conditions. 
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9.0 SENSITIVITY ANALYSIS 

Sensitivity analysis is the process of characterizing the effects of changes in parameters on the behavior 

of the calibrated model. A sensitivity analysis helps to determine the potential for errors in model results 

that may be caused by a lack of accuracy in the aquifer parameters. Sensitivity analysis for this 

groundwater flow model included increasing and decreasing aquifer parameters incrementally and 

comparing the resulting changes in modeled heads to the calibrated values of head. The magnitude 

of change in heads from the calibrated solution is a measure of the sensitivity of the solution to.that 

particular parameter. One model parameter was changed during each sensitivity run. 

Sensitivity analysis was performed for aquifer parameters affecting both the steady-state water elevation 

and potential flow directions of particles within the aquifer. Parameters, such as recharge and boundary 

conditions, tend to affect the steady-state water elevations. Parameters, such as vertical and horizontal 

hydraulic conductivity and porosity, affect ground water flow direction and velocity. The storage 

parameter is only utilized during transient conditions and affects the shape of the time-drawdown curve 

of the modeled pumping tests. The results of the sensitivity analysis are reported as the effects of the 

parameter change on the mean error of the model solution and the absolute residual values of the 

model solution for steady-state solutions. Sensitivity analysis for changes in storage are reported as 

time-drawdown plots for simulation of pump test #l 

9.1 HORIZONTAL HYDRAULIC CONDUCTIVITY 

Horizontal conductivity values were increased and decreased by 25% and 50% for the sensitivity 

analysis. For each parameter change, the model was run to a steady-state and the mean error and 

absolute residual values were calculated and compared to the values for the calibrated values of 

parameters. The results of the sensitivity analysis are illustrated on Figure 9-1. 

The results indicate that an increase in horizontal hydraulic conductivity of 25% or 50% results in lower 

mean error values (i.e., the modeled values are too low as flow through the aquifer is increased) and 
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FIGURE 9-l 
SENSlTlVllY ANALYSIS RESULTS FOR HORIZONTAL HYDRAULIC CONDUCTIVI-IY (K) 

Percent Change Mean Absolute 

Parameter In Parameter Error Residual 

K increased +50 % -0.55 38.85 

K increased +25 % -0.32 31.98 

Calibration Value 0% -0.01 28.26 

K decreased -25 % 0.52 40.27 

K decreased -50 % 1.56 91.93 
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results in a higher absolute residual value. Conversely, a decrease of 25% or 50% results in a higher 

mean error (i.e., modeled values are too high as the flow through the aquifer is reduced) and a higher 

absolute residual value. An decrease of 50% results in a significant increase in both mean error and 

absolute residual values, indicating the model results are sensitive to a decrease of greater than 25% 

of horizontal hydraulic conductivity in comparison to calibrated values. The model results are not highly 

sensitive to an increase of up to 50% and an decrease of up to 25% of horizontal hydraulic conductivity. 

However, while the model results may not be highly sensitive to changes in horizontal conductivity of 

this magnitude, these changes do produce less favorable solutions than the calibrated model. 

9.2 VERTICAL HYDRAULIC CONDUCTIVITY 

Vertical conductivity values were increased and decreased by 25% and 50% for the sensitivity analysis. 

For each parameter change, the model was run to a steady-state, and the mean error and absolute 

residual values were calculated and compared to the values for the calibrated values of parameters. 

The results of the sensitivity analysis are illustrated on Figure 9-2. 

The results of the sensitivity analysis indicate that an increase in vertical hydraulic conductivity of 25% 

or 50% results in lower mean error values (i.e., the modeled values are too low) and results in a higher 

absolute residual value. Conversely, a decrease of 25% or 50% results in higher mean error (i.e., 

modeled values are too high) and a higher absolute residual value. A decrease of 25% results in 

minimal change in the model output, while an decrease of 50% results in a significant increase in both 

mean error and absolute residual values in comparison to calibrated values. This indicates the model 

results are sensitive to a decrease of greater than 25% of vertical hydraulic conductivity. The model 

results are not highly sensitive to an increase of up to 50% and a decrease of up to 25% for vertical 

hydraulic conductivity. However, while the model results may not be highly sensitive to changes in 

vertical conductivity of this magnitude, these changes do produce less favorable solutions than the 

calibrated model. 
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FIGURE 9-2 
SENSlTlVllY ANALYSIS RESULTS FOR VERTICAL HYDRAULIC CONDUCTIVITY (Vk) 

Percent Change Mean Absolute 

Parameter in Parameter Error Residual 

VK increased +50 % -0.18 30.73 

VK increased +25 Oh -0.11 29.24 

Calibration Value 0 % -0.01 28.26 

VK decreased -25 % 0.16 28.49 

VK decreased -50 % 0.45 33.87 
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9.3 STORAGE 

Storage values were increased and decreased by 25% for the sensitivity analysis. Storage values are 

used by MODFLOW only during transient simulations; therefore, the effects of the sensitivity analysis 

results were determined by comparing the calibrated time-drawdown curves to the sensitivity analysis 

curves for the monitoring wells for the pump test #l simulation. The results of the sensitivity analysis 

are presented as timedrawdown graphs for the monitoring wells from pump test #1 (Figures 9-3 through 

9-8). 

The results of the sensitivity analysis indicate that an increase or decrease in storage of 25% results 

in time drawdown curves which are similar (for the intermediate observation wells) to those generated 

by the calibration value for storage. Curves for the shallow monitoring wells indicated that an increase 

in storage of 25% produced a significantly worse fit to the measured data for the early portion of the 

time-drawdown cume. These curves indicate that the model results are sensitive to an increase of 

greater than 25% of the storage value and the model is less sensitive to a smaller increase in storage 

or a decrease in storage values of 50% or less. 

9.4 POROSITY 

Porosity values were increased and decreased by 25% for the sensitivity analysis. Porosity values are 

not used in the flow model, although they are incorporated into the particle tracking module MODPATH. 

Changes in porosity will not effect particle flow direction but will effect the travel time of the particle. For 

each change in porosity during the sensitivity analysis the model was run to a steady-state, and four 

particles were released. The total travel time of the particles was compared to the travel time for the 

calibration valued of porosity. The results of the sensitivity analysis are summarized on Figure 9-9 

Figure 9-10 illustrates the particle release locations and the flow paths of the particles for the sensitivity 

analysis. These results show that there is a direct relationship between the porosity and the travel time 

of a particle moving through the aquifer. A 25% increase or decrease in porosity results in the same 

amount of change in the total travel time of the aquifer. 
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Fig.93 Sensitivity Analysis 
HN-27S2 Drawdown for Pump Test #l 
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Fig.9-4 Sensitivity Analysis 
HN-27S3 Drawdcw for Pump Test Irl 
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Figure 9-5 Sensitivity Analysis 
l-IN-261 Clrmdwm fof Pump Test #l 
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Figure 9-6 Sensitivity Analysis 
l-IN-2711 Dt-awMw for Pump Test #l 
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Figure g-7 Sensitivity Analysis 
l-IN-2712 Df-mdmm for Pump Tesl #I 
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Figure 9-8 Sensitivity Analysis 
HK28l Dtavdmn far Pump Test #I 
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FIGURE 9-9 
SENSITIVITY ANALYSIS RESULTS FOR POROSITY 

PARTICLE POROSflY DECREASED 25% CALIBRATION VALUE POROSITY INCREASED 25% 

NUMBER TRAVEL TIME (DAYS) % CHANGE TRAVEL TIME (DAYS) TRAVEL TIME (DAYS) % CHANGE 

1 10710 24.95 14270 17640 25.02 

2 10560 25.02 14110 17640 25.02 

3 13050 25.04 17410 21760 24.99 

4 1105 25.03 1474 1042 24.97 
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Figure g-10 
Particle Release Locations Used in Porosity Sensitivity Analysis. 
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9.5 RECHARGE 

Recharge values were increased and decreased by 25% and 50% for the sensitivity analysis. For each 

parameter change, the model was run to a steady-state, and the mean error and absolute residual 

values were calculated and compared to the values generated with the calibrated values. The results 

of the sensitivity analysis are illustrated on Figure 9-l 1. 

The results of the sensitivity analysis indicate that a decrease in recharge of 25% or 50% results in 

lower mean error values (i.e., the modeled values are too low due to the decreased water flux into the 

system) and results in a higher absolute residual value. Conversely, an increase of 25% or 50% results 

in higher mean error (i.e., modeled values are too high due to more water entering the system) and 

results in a higher absolute residual value. Changes in the recharge to the system exhibit a linear 

(predictable) relationship to the mean error and absolute residual values, with an equal amounts of 

mean error increase and absolute residual error increase being incurred regardless of whether recharge 

is increased or decreased. 

9.6 BOUNDARY CONDITIONS 

To determine the effect of more distant boundaries on the capture zone of the eastern BWD wells (BP- 

07, BP-08. BP-09) the northern constant head boundary conditions in the MODFLOW model were 

moved 1400 ft to the north. This resulted in a 40% increase in the distance between the BWD wells to 

the northern constant head boundary. A sensitivity analysis was performed to determine whether a 

more distant constant head boundary would increase the size of the capture zone of the BWD wells and 

if additional particle movement could be expected from the NWIRP recharge basins to the BWD wells. 

Two pumping scenarios were considered for the sensitivity analysis; an average pumping condition and 

a high pumping condition. In the average pumping condition Grumman wells were pumping at 

1991/1992 average rates, and BWD wells were running at 120% of the 199111992 average rates. High 

pumping conditions had Grumman wells running at 75% of maximum capacity and BWD wells running 

at their actual (highest) capacity. 
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FIGURE g-l 1 
SENSITIVITY ANALYSIS RESULTS FOR RECHARGE 

Percent Change Mean Absolute 

Parameter in Parameter Error Residual 
Recharge increased +50 % 0.62 41.12 
Recharge increased +25 % 0.31 31.39 
Calibration Value 0% -0.01 26.26 
Recharge decreased -25 % -0.30 32.25 
Recharge de&eased -50 % -0.65 42.15 
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Results of each pumping condition are illustrated as the capture zone of the BWD wells under each 

pumping condition and constant head boundary location. Figures 9-12 and 9-l 3 show the capture zone 

of these wells under average and high pumping conditions with the northern constant head boundary 

in the location used during calibration. The results of the sensitivity analysis with a more distant 

constant head boundary are illustrated on Figures 9-14 and 9-15. 

A comparison of the capture zones for the BWD wells under calibrated conditions (Figure 9-l 3) and the 

sensitivity analysis conditions for average pumping at the wells (Figure 9-14) show that these two 

conditions have capture zones of similar shapes. The capture zone of the BWD wells does not 

significantly increase if the north constant head boundary is moved 1400 ft north. Similar results are 

seen when comparing the capture zone of these wells under calibration conditions (Figure 9-13) with 

the sensitivity analysis conditions for high pumping at the wells (Figure 9-14). Under calibration 

conditions, 6 of 72 particles released from the BWD wells originate in the vicinity of the NWIRP recharge 

basins, while 8 of 72 particles released originate in the vicinity of the recharge basins. These sensitivity 

analyses indicate moving the north constant head boundary does not produce a significant change in 

the capture zones of the BWD wells. 
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Figure 9-12 
Capture zones of BWD Wells - Calibration Location of North Constant Head Boundary - BWD 
at Average Pumping Rate. 
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Figure 9-l 3 
Capture zones of BWD Wells - Calibration Location of North Constant Head Boundary - BWD 
at High Pumping Rate. 
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Figure 9-14 
Capture zones of BWD Wells - Sensitivity Analysis Location of North Constant Head 
Boundary- BWD at Average Pumping Rate. 
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I.:-DtCHlORDETHENE 
l,l-DtCHlOR3ETHANE 
1.2-DICHLORDETHENE 
CHLORDFORY 
1.2-MCHlORDETHANE 
2- SUTAMOEE 
l.l.l-TRCHlOA)ETHANE 
CARBON TETRACHLORDE 
EROU0DlCHlOROUETHA)E 
1.2-DlCHlORDPROPANE 
Cl,- 1.3-DlCHlOROPROPEEE 
TACHlOROETHENE 
DlBROUOCHU)ROUETHA~ 
1.12-TACHLORIETHANE 
BENZENE 
TRANB-l.J-DlCHlOROPROPENt 
BROMOFOR( 
4-UETHVL-2-PENTANONE 
2- HEXANONE 
TETRACHLORDETHE~ 
1.12.2-TETRACHLDROETHAEE 
TOLUENE 
CHLOfUBENZEN 
ETHnEENZEM 
BTYAEM 
XVlENElJ(-TOTM) 

CfUl 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

BP- 

UDL 

2 22 
a OS 
2.41 
241 
5 08 
2 02 
5 80 
4 34 
137 
4 00 
1 84 
100 
0 44 
2 20 
1.58 
1.05 
0 w 
0 BS 
0 Sl 
1.12 
0 03 
100 
020 
104 
1 or 
0 90 
1.00 
0 II 
1.01 
0 44 
0.73 
0.81 
0.92 

ataO 042802 
3w24- 2 3M24- 1 

10 U 
10 U 
10 U 
10 U 
s U(b) 

10 U 
10 U 
10 U 
10 U 
IO U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
8 J 

10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
2 J 

10 U 
3 J 

10 U 
10 U 
10 U 
10 U 

10 U 10 u 
10 U 10 u 
10 U 10 u 
10 U 10 u 
5 WI 10 u 

10 U 10 UJM 
10 U 10 UJM 
10 U 10 u 
10 U 10 u 
10 U 10 UJ(cl 
10 U 10 u 
10 U 10 u 
10 U 10 u 
10 U 10 u 
10 U 10 u 
10 U 10 u 
10 U 10 u 
10 u 10 u 
10 U 11 
10 U 10 u 
10 U 10 u 
10 U 10 u 
10 U 10 u 
10 U 10 u 
10 U 10 W4 
10 U 10 u 
10 U s J 
10 U 10 u 
4 J 10 u 

10 U 10 u 
10 U 10 u 
10 U 10 u 
10 U 10 u 

oDUP102 
u360-6 

ODUP202 
35424-S 

10 u 
10 u 
10 u 
10 u 
5 WI 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
8 J 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
8 J 

10 u 
10 u 
10 u 
10 u 

DILUTION FACTOR: 1.0 1.0 1.0 1.0 



CLEAN CT0 00 
t?MRP BETHPADE. EETHPAOE. HW bD)R( 
PACE.INC. - HAMbTON 

TCl MUEOUB VOLAnI.EB (U@) 

CUE NT ID: 
lABORATORYlD: 

ANALVlE 

CHLOROMETHAH 
BROUOUETHAM 
UIMCHU>RDE 
CHLOROETHAN 
METHVIENE CHLORDE 
ACETOM 
CARBONMSULFIDE 
I.:-DICHLORDETHENE 
I.:-DtCHlORDETHANE 
1.2-DtCHlOR)ETttENE 
CHlOROFORY 
1.2-DlCHlO#)ETHANE 
2- BUTANOW 
l.l.l-TRCHlORDETHANE 
CARBON TETR&HlORDE 
BROUODtCHLOROUETHAFE 
1.2-DtCHLORDPROPANE 
Clr- 1.SMCHLOROPROPEEE 
TRCHLOROETHENE 
DlEtR3MOCHlDROYETHAtE 
1,1,2-TRCHLOIIOETHAN 
BENZEIE 
TRAM-:.a-DtCHlOROPROFENf 
BROMOFOFU 
4-METHYL-2-PENTANON 
2- HEXANDNE 
TETRKHLORDETHEEE 
1,l2.2-T~RACHlDROETHAr(E 
TOWENE 
CHLORDBENZEH 
ETHYLBENZE)E 
SN#N 
XW.ENE(I(TOTM) 

cm1 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

BP- 024802 
34347- 4 

a2ro2 
55247- 1 

010002 
353w-3 

MD1 

232 10 u 10 u 10 
s .I 10 u 10 u 10 
2.42 10 u 10 u 10 
2.bl 10 u 10 u 10 
301 10 u 10 u 10 
2 82 10 UJ(a 10 UJ(4 10 
3 00 10 UJ(4 10 UJbl 10 
4.24 10 u 10 u 10 
127 10 u 10 u 10 
4 00 10 UJ(4 10 UJ(4 10 
1.4 10 u 10 u 10 
I.2 10 u 10 u 10 
0 44 10 u 10 u 10 
2 2a 10 u 10 u 10 
150 10 u 10 u 10 
1 OS 10 u 10 u 10 
00 10 u 10 u 10 
083 10 u 10 u 10 
0 et 18 @ J 12 
1 12 10 u 10 u 10 
0 81 10 u 10 u 10 
100 10 u 10 u 10 
020 10 u 10 u 10 
100 10 u 10 u 10 
107 10 UJ(c) 10 UJ(4 10 
0 80 10 u 10 u 10 
1.00 I J 10 u 28 
0.81 10 u 10 U 10 
Id1 10 u 10 u 10 
044 10 u 10 u 10 
0.13 10 u 10 u 10 
061 10 u 10 u 10 
0.92 10 u 10 u 10 

U 
U 
U 
U 
U 
UJ(4 
UJ(4 
U 
U 
UJ(4 
U 
U 
U 
U 
U 
U 
U 
U 

U 
U 
U 
U 
U 
UJ(4 
U 

02PO2 
353@.0- 8 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
4 

10 
10 
10 
10 
17 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

U 
U 
U 
U 
U 
UJt4 
UJt4 
U 
U 
UJ(4 
U 
U 
U 
J 
U 
U 
U 
U 

U 
U 
U 
U 
U 
UJ(4 
U 
U 
U 
U 
U 
U 
U 
U 

020802 04002 040802 
3ww-4 35424- 4 35424- 5 

05 u 10 u 10 u 
83 u 10 u 10 u 
.a u 10 u 10 u 
83 u 10 u 10 u 
@7 w 4 U(b) s U(b) 
13 UY4 10 u 10 u 
03 UJ(4 10 u 10 u 
30 J 10 u 10 u 

120 10 u 10 u 
220 J(4 10 u 10 u 

03 u 10 u 10 u 
83 u 10 u 10 u 
8s u 10 u 10 u 

wo 10 u 10 u 
u u 10 u 10 u 
II u 10 u 10 u 
es u 10 u 10 u 
8J u 10 u 10 u 

540 I J 10 u 
.a u 10 u 10 u 
83 u 10 u 10 u 
83 u 10 u 10 u 
03 u 10 u 10 u 
01 u 10 u 10 u 
83 UJ(4 10 u 10 u 
03 u 10 u 10 u 

1400 10 u 10 u 
83 u to u 10 u 
IS u 7 J 4 J 
OS u 10 u 10 u 
83 u 10 u 10 u 
83 u 10 u 10 u 
83 u 10 u 10 u 

DILUTIONFACTOR: 1.0 1 .o 1.0 1.0 a.3 1.0 1.0 



aat4 CT0 00 
NWlRP IlETtlPAOL BETtlPAOL NEW YORK 
PACEINC - HAMPTON 

Ta 8011 vounm (mono) 

CY IENT ID: 
CABORAfORYIO. 

ANALYTE 

CltlOROMEIHANE 
BROMOUETttANE 
VINVI CtkOflDE 
CtLOROETHANE 
UEIHYLENE CHORtDE 
ACETONE 
CARBON USUAM 
I.:-UCILOROETHENE 
I. 1 -UCtLOROElHANE 
1.2-DtCtLOROETHENE 
CHCOROFORM 
l.2-C4Ct4.OROETH~tjE 
2 -8UTANONE 
l.l,l -TRICM.OROETHANE 
CARBON TETRACHORIDE 
BROUODtCtLOROUETHANE 
l.P-UCHOAOPROPANE 
Ct.-1,3-UCMOROPROPENE 
TRtCHORORtfNE 
U9ROUOCHOROURlIANE 
l.lt-TRtCHOR~ElHANE 
BEWENE 
TRAMS-l.J-UCtLOAOPROPENI 
BROMOFORU 
4-UETHW.-I-PENTANONE 
2-HEXANONE 
IETRACHOROETHENE 
1.1,2.2-T~RACtUOROETHANE 
TOLUENE 
‘CH~R~~ENZENE 
EIHIIBEtQENE 
OTYRENE 
XVLENES(TOTAl) 

cna 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

urn 

232 
SW 
24@ 
241 

SB243Il40 SB2431150 
S402s-2 

12 W4 
12 u 
12 u 
12 u 
IS U@) 
12 u 
12 u 
12 u 
12 u 
12 u 
12 u 
12 u 
12 u 
12 u 
12 u 
12 u 
12 u 
12 u 
30 
12 u 
12 u 
12 u 
12 u 
12 u 
12 u 
12 u 
12 u 
12 u 
12 u 
12 u 
12 u 
12 u 
12 u 

34825-4 

12 W4 
12 u 
12 u 
12 u 
12 w 
12 u 
12 u 
12 u 
12 u 
12 u 
12 u 
12 u 
12 u 
12 u 
I2 u 
12 u 
12 u 
12 u 
12 u 
12 u 
12 u 
12 u 
12 u 
12 u 
12 u 
12 u 
12 u 
12 u 
12 u 
12 u 
12 u 
12 u 
12 u 

8B24.920 
sbB25-1 

10 Wd 
10 u 
10 u 
10 u 
to WI 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

lb SOIJDS: 05 00 05 
WUTION FACTOR: 1 1 1 

. 





Data Oualifier Key 

U Value is a nondetect as reported by the laboratory. 

U(b) Value is considered to be a false positive attributable to blank 
contamination. 

UR Nondetect (quantitation limit) is considered to be unreliable. 

J Value is estimated because it is reported at a concentration less than 
the associated CRQL. 

J(c) Positive result is considered to be estimated based on exceedance of 
associated calibration criteria. 

J(s) Positive result is considered to be estimated because associated 
surrogate recovery failed to meet quality control criteria. 

JW Positive result is considered to be estimated because of poor 
performance of the associated internal standard. 

UJ(s) Nondetect is considered to be estimated based on poor surrogate 
recovery. 

JW Nondetect is considered to be estimated because of poor performance of 
the associated internal standard. 



NWIRP BETIIPAOE WWPAOE NEW YORK 
PACEINC - HAUPTON 

la soa wmum [mghg) 

WENT ID: 
IABoRATOFlY IO: 

ANKYTE 

KPHA-BHC 
BETA- BHC 
DRTA-BHC 
OAUYA-WC CUdDANE) 
HEPTACHOR 
KORIN 
HEPMCIUOR EPOKIDE 
ENDOSUFAN I 
DIRDRIN 
4.4’~DOE 
ENDFUN 
ENDOSUFAN II 
4.4’-DUO ’ 
ENOOSUFAN SULFATE 
4.4’~DOT 
UETMOmCHOR 
ENDRIN KEIONE 
ENDtUN KDEWM . 
KPMA-CHORDANE 
DAMMA-CWORMNE 
TOXAPHENE 
AROaOR-1018 
AROaOR- 1221 
AROCLOR-1232 
AROaOR- 1242 
AROCIOR-1248 
AROQOR-la4 
AROCLOR- lzd0 

cna 

1.7 
1.7 
I? 
I.7 
I? 
17 
17 
I? 
33 
33 
33 
33 
33 
33 
33 
17 
33 
33 
11 
1.7 

170 
33 
87 
33 
33 
33 
33 
33 

urn 

0 867 
al? 
as 

0 46? 
0580 
0 JO? 
0 a33 
0 733 
I 3l7 
1.307 

1.0 
1.3 

1.333 
52 
1.3 

a260 
low 
1088 

07 
0068 
17.33 
6 333 

8 
3 660 

4 

BPWPOIA BPSB12103 BPSBZMO3 BP6021503 
saw-1s 34300-3 34300-O 343W-8 

r 
2 
2 
2 
2 
2 
2 

38 
130 
38 
31 
03 
am 

020 
20 
31 
30 

2 
2 

200 
38 
77 
38 
38 

230 
81 
30 

WC) 
u 
WC) 
U 
U 
U 
U 
U 
U 
J(P) 
U 
U 
J(c) 
U 
J&I 
Wd 
U 
U 
U 
U 
U 
U 
U 
U 
U 
J(P) 
JW 
U 

32 u 
32 u 
32 u 
32 u 
32 u 
32 u 
32 u 
32 u 
81 u 
al u 
61 u 
I1 u 
81 u 
a1 u 
Sl u 

320 u 
61 u 
01 u 
32 u 
32 u 

3200 u 
810 u 

1200 u 
010 u 
010 u 

I8 u 
18 u 
lb u 
1.0 u 
10 u 
I@ u 
10 u 
10 u 
3s u 
3s u 
3s u 
3s u 
35 u 
3s u 
38 u 
la u 

35 u 
35 u 
1.8 u 
1.0 u 

lea u 
35 u 
70 u 
35 u 
35 u 

BPSWOlA BP802WA 
34380-13 343w-14 

3 uf+i 
3 UR(U1 

33000 J(q) l 270 JW.@ 20 JW ’ 
ww Jbd IS Jhd 68 UR 

810 u 35 ww 58 UR 

w BoUD8: w 04 80 94 50 00 
DLUTION FACTOR: 1 115. 11150* 1 2110. 1 



CLEAN CT0 06 
NWlAP BETIIPAOE EEWPAOE NEW YORK 
PACEIHC - HAMPTON 

Ta SOIL PESTICIDES (mglLg) 

alENT ID: 
IABOlUTORY ID: 

ANALWE 

ALPHA-WC 
BRA-BHC 
DELTA-BHC 
OAMMA-BHC CNDANEJ 
HEPTACHOR 
KIMIN 
HEPTACHOR EPOXIDE 
ENDOSlLFAN I 
UEDRIN 
4.4’~DDE 
ENDfUN 
ENDOSLLFAN # 
4.4’~Do0 
ENDOW&FAN SULFATE 
4.4’~007 
METHOXYCHLOR 
ENORIN KElONE 
ENDfUN KDElfYDE 
KPHA-CHORDANE 
OAMMA-CHLORDANE 
TOXAPHENE 
AROaOR-1014 
AROaOR-1Pl 
AROaOR- 1232 
AROaOR-1242 
AROaOR-1240 
AROaOR- 1254 
AROaOR- lzd0 

cna 

1.7 
1.7 
1.7 
I.? 
1.7 
1.7 
1.7 
1.7 
33 
33 
33 
33 
33 
33 
33 
17 
33 
53 
1.7 
1.7 

170 
33 
67 
33 
33 
33 
33 
33 

BPSSIOSA 
a-7 

@J(c) 
U 

8PWlOlA BP66102A BP66103A 
343S6-1 34366-2 34366-4 

BP66104A BP66lOSA 
343S6-6 343W-0 

urn 

0.17 
as7 

QS 
0467 
0568 
0 367 
0 633 
0 733 
l.JS? 
1.567 

1.6 
1.6 

1.333 
32 
1.s 

6268 
1067 
1.080 

a7 
0 860 
17.33 
0.333 

0 
3 660 

4 
s 333 
5898 

5 

WC) 
U t : 
UC) B4 
U 
U :: 
U a4 

30 
JO 
JO 
30 

WC) 
U 
WC1 
U 

2 
2 
2 

22 
2 
2 
2 

30 
27 
30 
30 
30 
30 
37 
20 

31 
36 

2 
2 

200 
30 
70 
36 
38 

1100 
MO 

as 

UJW 
U 
WC) 
U 
U 
U 
U 
U 
U 
J(c) 
U 
U 
U 
U 

UJW 
U 
U 
U 
U 

:: 
U 
U 

:a l 

Jbd 
U 

ma 
ISDO 
IS00 
loo0 
lSO0 
loo0 
loo0 
IS00 
3700 
3700 
J700 
3700 
3700 
3700 
3700 

lSOO0 
31M) 

.a700 
WOO 
lR)o 

1SOOOO 
37ooo 
Iso0 
37ooo 
37oao 

1300000 
lT0000 
am00 

2 
2 
2 
2 
2 
2 
2 
2 

30 
as 

UJW 
U 
WC) 
U 

1.0 
1.0 
1.0 
1.6 
1.0 
1.0 
IO 
10 

WC) 
U 
wd 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
WC) 
U 
u . 
U 
U 

UC1 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
Wd 
U 
U 
U 
U 
U 
U 
U 
U 

&II l 

J(qb 

U 

JO 
JO 
JO 
30 

U 
U 

U 

:: 
0 

U 
U 
U 
U 
U 
U 
U 
U 
U 
WC) 
U 
U 
U 
U 
U 
U 
U 
U 
U 
JW l 

JW 
U 

U #I 
U 64 

57 
67 
I7 
57 
St 
117 
67 

300 
s7 
57 
30 
JO 

U la 
U IS0 
U la, 
U la, 

U 
U 
U 

:: 
U 

L, 
U 
U 
U 
U 
U 
U 

30 
36 
30 
30 

30 
30 
JO 
36 

U Ia 
U IS- 

36 
30 
30 
10 

30 
36 
1.0 
1.0 

180 
36 
72 
36 
36 

38 
20 $d 

1SO 
040 
la, 

U IS6 
U 04 
U 64 
U 0400 
U IQ0 
U 3700 
U 1m 
U 2sooO 

30 
36 

2 
2 

200 
30 

awe 
570 

U 
U 

1200 
170 
570 

2!iooo 
saw 
570 

77 
31 

U 
U 

U 
U 
U 
J(P) l 
JM 
U 

30 
2500 

M 
36 

JW 
U 
U 
U 

1700 
400 

Jd 

w WIJDS: se 08 0s 8d 80 62 
DWTION FACTOR: l/130* rtro. 1120/ 1woo* Itlob 54 1110. 



CLEAN Cl0 08 
NWlRP 5ETHPAOL BETHPAOL NEW YORK 
PACEINC. - HAUPTON 

Ta SOIL PESTICIDES (mono) 

a IENT ID: 
LABORATORY IO: 

ANKYTE 

KPHA-BHC 
BETA- BHC 
DRTA-BHC 
OAMMA-BHC @INDANE) 
HEP’TACMOR 
KORIN 
HEPTACHLOR EPOXIDE 
ENDOSUFAN 1 
CJIRDRIN 
4.c-OOE 
LNDfllN 
ENDOSUFAN ll 
4.4’~DOD 
LNWSUFAN S&ATE 
4.4’~DOT 
UETHOIWCHLOR 
ENDRIN KETONE 
ENDRIM KDEHYDE 
KPHA-CnOROANE 
OAMMA-CHLORDANE 
TOWHENE 
AROCLOR-1015 
AROCLOR-1221 
AROQOR- 1232 
AROaOA- 1242 
AROQOR- 1246 
AROCIOR- 1254 
AROaOR- 12SO 

cna 

1.7 
17 
1.7 
17 
1.7 
17 
17 
1.7 
33 
33 
33 
33 
53 
33 
33 
17 
33 
33 
17 
1.7 

170 
33 
47 
33 
33 
33 
33 
33 

urn 

0 067 
QS7 

0.s 
0 467 
0 SII 
0367 
0 033 
0 733 
1367 
1307 

1.6 
1.0 

I.333 
3.2 
1.5 

awe 
loS7 
1866 

07 
0666 
17.33 
6 333 

0 
3 666 

4 
0 333 
a.999 

s 

BP89207A BPS6206A BPS6210A 
Sew-11 3434S-12 34366-10 

36 
JI 
38 
30 
JO 
30 
30 
30 
7.4 
83 
7.4 
7.4 
7.4 
7.4 
trn 
30 
7.4 
74 
30 
38 
350 
74 

150 
74 
74 
74 
74 
74 

UJM 
U 
UJ(cl 
U 
U 
U 
U 

U 
U 
U 
U 
U 
U 
WC) 
U 
U 
U 
U 
U 
U 
U 
U 
U 
Jhsb 
U 
U 

16 
1.6 
16 
1s 
10 
18 
10 
IS 
30 
38 
36 
36 
36 
30 
3.6 
16 

30 
36 
1.6 
1.0 

140 
30 
72 
JS 
36 
46 
30 
30 

WC) 
U 
UJ(c) 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
wa 
U 
U 
U 
U 
U 
U 
U 
U 
U 

BPSS212A BP66214A BP6S218A 
34ae-1s M-17 64366-16 

1.5 
1.6 
16 
16 
IS 
IS 
1.0 
IS 
30 
38 
30 
36 
36 
3a 
3.6 
18 

3.6 
30 
1.6 
1.0 

180 
36 
72 
36 
36 

2500 
460 

36 

WC) 
U 
WC) 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

Ld 
U 
U 
U 
U 

Y 
U 
U 
U 
JW 
J&l 
U 

1.0 
16 
1.6 
1.6 
1.6 
IS 
10 
1.6 
7.2 
aa 
36 
3.6 
30 
3.6 
13 
18 

30 
30 
13 
1.6 

166 
38 
73 
36 
30 

22QQ 
M 
30 

WC) 
U 
WC) 
U 
U 
U 
U 
U 

0.1 
61 
0.1 
61 
61 
61 
0.1 
0.1 

JP.ql 10 
U 10 
U 10 
U IS 
U IS 
U 18 
JMI 16 
WC) 61 
U 
U i: 

. U 0.1 
U 0.1 
U 610 
U 1m 
U 360 
U 180 
U 1m 

w sollD6: 88 OS 62 62 80 62 
DLUTION FACTOR: 2120. 1 1 1 1110. s/50* 



QEANCTOSS 
NWtRP IETltPAOE SRtlPAOt NEWYORK 
PACEINC - HAMPTON 

Ta SOIL PESTtCIUS (mglLS) 

QIENT ID: 
LABORATORY ID: 

ANKVTE 

KPHA-BHC 
IRA-WC 
ORTA-OHC 
OAMhlA-BHC ~HMNQ 
HEPTACHOA 
MOIWN 
HEPTACHLOR EPOMDE 
EWDOSUFAH I 
MRDRtN 
4x-DDE 
ENDRlN 
ENDOSUFAN S 
4.4’~WD . 
ENWSUFAN SULFATE 
4.4’~DOT 
SlETHO%VCHLOR 
ENDRtN RETONE 
ENDRtN MOEWOE 
MPHA-ClLORDANE 
OWMA-CHLORMNE 
TOXAPHENE 
AROQOR-1018.’ 
AROaOR- la1 
AROaOA- lP2 
Anoaon- 1242 
AROQOA- 1248 
AROQOA-1254 
AROaOA-1280 

urn 

a887 
a87 

a6 
0 467 
0 MS 
0 387 
0 833 
0 733 
1.387 
1387 

1.8 
1.0 

1.333 
¶2 
1.8 

8208 
lSS7 
1888 

a7 
0008 
17.33 
8 333 

a 
5868 

4 
8 333 
5888 

s 

BPBSSU 
64380-10 

2 WCJ 
2 u 
2 W&l 
2 u 

17 l 

2 u 

f u” 
8 J(P) 

s* 
as u 
36 u 
38 u 
38 u 
81 
20 UJW 
as u 
38 u 
48 l 

82 l 

200 u 

38 u 

SO u 

38 u 

as u 

38 u 
38 u 
38 u 

lb 8oUO% 83 
DLUTION FACTOR: ltS* 



QEAN CT0 88 
NWlRP BETHPAOE BETHPAOE NEW YORK 
PACEINC - HAUPTON 

TQ AOUEOUS PE6TlCRlE6 @ok) 

WENT ID: 
IABORATOIW IO: 

ANMYTE 

ALPHA-BHC 
BETA-BHC 
DETA- BHC 
OAUMA-BHC #.HMNEJ 
HEPTACHOA 
MDtMN 
HEPTACHLOR EPOMOE 
ENWIUFAM I 
URDRIN 
).I’- WE 
ENDRIN 
ENDOSUFAN 6 
4.4’~wo 
ENDOSUFAN SULFATE 
4.4’~DOT 
hkTHO%YCHOR 
ENDRIN KETONE 
ENORIN MOEHYDE 
ALPHA-CHORDANE 
OAMMA-ClUORDANE 
TOWHENE 
AROQOR-1018 
ARoaOR-lP1 
AROCIOR-lP2 
AROCLOR- 1242 
AROaOA-1248 
AROaOR- 1254 
AROCLOA- 12SO 

00s 
00s 
00s 
005 
001 
005 
00s 
0.0s 
ai 
ai 
01 
01 
01 
01 
al 

0.0s 
al 
ai 

00s 
00s 

s 
1 
2 
1 
1 
1 
1 
1 

urn 

0 028 
0021 
0011 
0014 
0017 
0011 
0018 
0 022 
0.041 
0041 
0 048 
0.048 
a04 

0 088 
0 04s 
0 188 
0 032 
0 058 
0.021 
a02 
OS2 
0 18 
024 
011 
0 12 
02s 
021 
al5 

BP662lORI 
SUM-20 

005 W(c) 
008 u 
00s W(c) 
00s u 
008 U 
SOS U 
008 U 
a01 u 

:: U u 
at u 
al u 
ai u 
01 u 
a1 u 
as u 
al u 

.a1 u 
00s u 
00s u 

8 U 
1 u 
2 u 
1 u 
1 u 
1 u 
1 u 
1 u 

MLUTION FACTOR: 1 



Data Qualifier Key 

U 

J 

UR 

U(b) 

J(c) 

J(q) 

. J(s) 

uJ(s) 

Value is a nondetect as reported by the laboratory. 

Value is estimated because it is reported at a concentration less than the 
associated CRQL. 

.Nondetect (quantitation limit) is considered to be unreliable. 

Value is considered to be a false positive attributable to blank 
contamination. 

Positive result is considered to be estimated based on exceedance of 
associated calibration criteria. 

Positive result is considered to be estimated due to factors which could 
affect quantitation, that are not associated with instrument calibration. 

Positive result is considered to be estimated because associated surrogate 
recovery failed to meet quality control criteria. 

Nondetect is considered to be estimated based on poor surrogate recovery. 
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SITE: SETHPAGE. NY NWlRP 
LABORATORY: PACE INC. - HAMPTON 

TCL WLATlLE AQUEOUS ANALYSES (udtj 

CUENT ID: 
lABORAToRY ID: 

PARAMETER 

CHLOROMETHAPL 
BROMOMETHAN 
W NYL CHIDROE 
CHLOROETHAFE 
METHYLENE CHLOADE 
ACETONE 
CARBON USULFIDE 
l.l-UCHLORDETHENE 
l.l-UCHLORDETHANE 
1.2-UCHU)RDETHENE 
CHLOROFORM 
1.2-UCHLOROETHANE 
2- WTANONE 
l.l.l-TACHU)RDETHANE 
CARBON TETWHLOADE 
BROMOUCHL0ROMETHANE 
1.2~MCHLOROPROPANE 
Cb- 1.3-UCtWROPtW’ENI 
TACHLO#)ETNNE 
U~OCHU)WEIHANE 
1.12-TACHU)RDETHANE 
BENZENE 
TRAM+1.3-UCHWROPWX’ENE 
BROMOFOFM 
4-METHYL-P-PENTANON 
2- HEWNONE 
TETFWZHLORDETHEN 
1.12,2-TElWHLDROETHA* 
TOWENE 
CHLOFIDEENZEN 
ETHYLBENZENE 
STYRiEN 
X-YIENES (TOTAL) 

CrnL 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

MDL 

2 32 10 u 10 u 
3.M 10 u 10 u 
2.46 10 u 10 u 
2 41 10 u 10 u 
3.08 10 u 10 u 
2.62 10 u 10 u 
3.66 10 UJ 03 10 UJ (~1 
4.34 10 u 10 u 
1.57 10 u 10 u 
4.88 10 u IO u 
1.64 10 u 10 u 
1.69 10 u 10 u 
0.44 10 u 10 u 
229 10 u 10 u 
1.66 10 u 10 u 
1 .os 10 u 10 u 
0.60 10 Lt. 10 u 
0 85 10 u 10 u 
0.01 10 u 10 u 
1.12 10 u 10 u 
0.83 10 u 10 u 

1 10 u 10 u 
0.2 10 u 10 u 

1.06 10 u 10 u 
1.97 10 u 10 u 
0.0 10 u 10 u 

1 10 u 10 u 
0.61 10 u 10 u 
1 .Sl 10 u 10 u 
0.44 10 u 10 u 
0.73 10 u 10 u 
0.61 10 u 10 u 
0.02 10 u 10 u 

BPDRRBOI BpDRTBol BPfWO6 
35671-2 36671- 1 3669-3 

33 u 10 u 
33 u 10 u 
33 u 10 u 
33 u 10 u 
33 u 10 u 
33 u 10 u 
33 UJ (4 10 UJ (~1 

260 7 J 
33 u 10 u 
33 u 10 u 
33 u 10 u 
33 u 10 u 
33 u 10 u 

300 12 
33 u 
33 u 
33 u 10 u 
33 u 10 u 

160 JO 
33 u 10 u 
33 u 10 u 

,33u 10 u 
33 u 10 u 
33 u 10 u 
3s u 10 u 
33 u 10 u 

180 0 J 
33 u 10 u 
33 u 10 u 
33 u 10 u 
33 u 10 u 
33 u 10 u 
33 u 10 u 

BPfWOS 
356!i6-4 

10 u 
10 u 

BPtwlO 
358568 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 UJ (cl 
10 u.. 
10 u 
10 u 
10 u 
10 u 
10 u 
3 J 

10 u 
10 u 
10 u 
10 u 
13 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
3 J 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

U WllON FACTOR: 1 1 3.3 1 1 



SITE: BETHPAW, NY WWRP 
UBORATORY: PACE INC. - HAMPTON 

TCL WXAllLE AOUEOUS ANALYSES lug(L) 

CUENT ID: 
lABoRAToRY IO: 

PARAMETER 

CHLOROMETHAN 
BROMOMETHAN 
HNYL CHLDWDE 
CHU)FIDETHAN 
METHYLENE CHLORDE 
ACETOW 
CARBON MSULflDE 
1.1~MCHLOROETHENE 
l.l-DICHLORDETHANE 
l.P-MCHLORDETHENE 
CHLORDFOIW 
l.P-DICHLOROETHANE 
2- BUTANONE 
l.l.l-TRCHLOROETHANE 
CARBON TETRKHLOADE 
BROMOMCHlOROMRHAN 
1.2-MCHLOROPROPANE 
Cb- 1.3-MCHLOROPKWENE 
TRCHLORXTHENE 
DIBROMOCHLOROMETHANE 
1,12-TRCHLOADETHANE 
BENZENE 
TIUNS-1.3-MCHU3ROPROPEN 
BROMOFOFM 
4-METHYL-P-PENTANONE 
2-HEMNONE 
TETRACHLOROETHENE 
1,12.2-TETRACHIDROETHANE 
TOLUENE 
CHLORDBENZEN 
ETHYLBENZEFE 
STYFEtE 
XYLEM3 (TOTAL) 

CRPL 

10 
10 
10 
10 
10 
ld 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

MDL 

2.32 10 u 
3.95 10 u 
2.49 10 u 
2.41 10 u 
309 10 u 
2.92 10 u 
3.89 10 UJ (~1 
4.34 10 u 
1.67 10 u 
4.99 10 u 
1.94 10 u 
1.99 10 u 
0.44 10 u 
2.29 3 J 
1.59 10 u 
1.05 10 u 
0.99 10 u 
0.95 10 u 
0.91 13 
1.12 10 u 
0.93 10 u 

1 10 u 
0.2 10 u 

1.09 10 u 
1.97 10 u 
0.9 10 u 

1 3 J 
0.51 10 u 
1.91 10 u 
0.44 10 u 
0.73 10 u 
0.91 10 u 
0.92 10 u 

BPWll BPfWl4 
35959-S 3595S-2 

loo u 
loo u 

1409 
loo u 
109 u 
109 u 
100 UJ 03 
199 u 
109 u 
57 J 

la0 u 
109 u 
109 u 
109 u 
loo u 
109 u 
loo u 
109 u 
290 
109 u 
loo u 
109 u 
loo u 
loo u 
loo u 
loo u 
2so 
loo u 
loo u 
loo u 
loo u 
loo u 
loo u 

BPFWDUOl BPlWMSOl 
35959- 7 

20 u 
20 u 
20 u 
20 u 
20 u 
20 u 
20 UJ (~1 

350 
12 J 
20 u 

S J 
20 u 
20 u 

429 J (9) 
20 u 
20 u 
20 u 
20 u 

220 
20 u 
20 u 

.2ou 
20 u 
20 u 
20 u 
20 u 

310 
20 u 
20 u 
20 u 
20 u 
20 u 
20 u 

35w9-8 

loo u 10 u 
loo u 10 u 

1509 10 u 
loo u 10 u 
loo u 10 u 
loo UJ (~1 10 u 
loo UJ (~1 10 UJ (~1 
loo u 10 u 
loo u 10 u 
99 J 10 u 

loo u 10 u 
loo u 10 ‘u 
loo u 10 u 
loo u 10 u 
loo u 10 u 
loo u 10 u 
loo u 10 u 
loo u 10 u 
330 10 u 
loo u 10 u 
loo u 10 iJ 
loo u 10 u 
loo u 10 u 
loo u 10 u 
1w u 10 u 
1w u 10 u 
320 10 u 
loo u 10 u 
loo u 10 u 
loo u 10 u 
loo u 10 u 
loo u 10 u 
loo u 10 u 

BPfWTBOl 
35959-l 



ME: BZTHPACE. NY MNIRP 
LAW)RATORY: PACE INC. - HMPTON 

TCL WLAllLE LDW SOIL ANALYSES (mg/Kg) 

CUENT ID: BPDRllQ BPDR27S3 
LABORATORY ID: 35971-4 35871-3 

PARMETER CRaL 

CHLOROMETHAN 10 
BROMOMETHAM 10 
HNYL CHIDRIM 10 
CHLOROETHAN 10 
METHYLENE CHLORDE 10 
ACETON 10 
CARBON MSULFIDE 10 

2.32 10 u 10 u 
3.96 10 u 10 u 
2.49 10 u 10 u 
2.41 10 u 10 u 
3.99 10 U lb) 10 U (b) 
2.82 19 U W 10 U (b) ’ 
396 10 UJ (c) 10 UJ 1~) 
4.34 10 u 10 u 
1.67 10 u 10 u 
4.09 10 u 10 u 
1.94 10 u 10 u 
1.99 10 u 10 u 
0.44 10 u 10 u 
229 10 u 10 u 
1.59 10 u 10 u 
1.05 10 u 10 u 
0.68 10 u 10 u 
0.05 10 u 10 u 
0.91 10 u 10 u 
1.12 10 u 10 u 
0.93 10 u 10 u 

1 10 u 10 u 
0.2 10 u 10 u 

l.w 10 u 10 u 
1.97 10 u 10 u 
0.9 10 u 10 u 

1 10 u 10 u 
0.61 10 u 10 u 
1.91 2 J 10 u 
0.44 10 u 10 u 
0.73 10 u 10 u 
0.81 10 u 10 u 
0.92 10 u 10 u 

l.l-MCHLOROETHENE 10 
1.1~MCHLOKbETHANE 10 
1.2-UCHlDR3ETHENE 10 
CHLOmPOlw 10 
1.2- UCHLORXTHANE 10 
2- BUTANON 10 
l.l.l-TACHLORDETHANE 
CARBON TETMHLORDE 
BRDMODICHLDROMRHANE 
12-UCHLORDPROPANE 
Cb- 1.3-UCHU)ROPRDPENE 
TACHWIWETCENE 
UBROMOCHU)ROMETHANE 
1.12-TRCHLOFIDETHAM 
BENmE 
TRAM- 1.3-UCH~ROPRCWENE 
BRDMOFOFM 
4-METHYL-2-PENTANON 
2- HEXAWNE 
TETRWHLOWETHEN 
l-12.2-TRRACHIDRORHANE 
TOLLJENE 
CHLORXENZEN 
ETHVIBENZEM 
BTWZNE 
XYLENES (TOTAl) 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

DILUTION FACTOR: 1 1 
%solJDs: 97 97 



2z22222 



Summary of Tentatively Identified Compounds (TICa) 
Remaining After Data Qualification 

Fraction Named TIC 

Volatile Trichlorofluoromethane 



Data Qualifier Rev 

U Value is a nondetect as reported by the laboratory. 

U(b) - Value is considered to be 
contamination. 

a false positive attributable to blank 

J Value is estimated because it is reported at a concentration less than the 
associated CRQL. 

J(c) - Positive result is considered to be estimated based on exceedance of 
associated calibration criteria. 

J(y) - Positive result is considered to be estimated based on exceedance of 
associated %D between the two GC columns in PCB analysis. 

R(y) - Positive result is considered to be rejected based on exceedance of 
associated tD between the two GC columns in PCB analysis. 



CT0 099 
SITE: BETHPAGE NWIRP 
LABORATORY: PACE INC. - HAMPTON 

TCL VOLATILE AQUEOUS ANALYSES (ug/L) 

CLIENT ID: BP-O-431-01 
LABORATORY ID: 36253 - 2 

ANALYTE CRQL MDL 

CHLOROMOHANE 10 2.3 
BROMOMETHANE 10 4 
VINYL CHLORIDE 10 2.5 
CHLOROETHANE 10 2.4 
METHYLENE CHLORIDE 10 3.1 
ACETONE 10 2.8 
CARBON DISULFIDE 10 3.9 
l,l-DICHLOROETHENE 10 4.3 
l,l-DICHLOROETHANE 10 1.6 
1,2-DICHLOROETHENE 10 4.9 
CHLOROFORM 10 1.6 
1,2-DICHLORORHANE 10 1.9 
P-BUTANONE 10 0.4 
l,l,l-TRICHLOROETHANE 10 2.3 
CARBON TETRACHLORIDE 10 1.6 
BROMODICHLOROMETHANE 10 1.1 
1,2- DICHLOROPROPANE 10 0.7 
Cl.- 1,3-DICHLOROPROPENE 10 0.9’ 
TWCHLOROETHENE 10 0.9 
DlBFiOMOCHLOROMETHANE 10 1.1 
1,1,2-TRICHLOROETHANE 10 0.9 
BENZENE 10 1 
TftANS- 1,3-DICHLOROPROPENE 10 0.2 
BROMOFORM 10 1.1 
4-METHYL-2-PENTANONE 10 2 
2-HEXANONE 10 0.9 
TETRACHLOROETHENE 10 1 
1,1,2,2-TETRACHLOROEHANE 10 0.6 
TOLUENE 10 1.6 
CHLOROBENZENE 10 0.4 
ETHYLBENZENE 10 0.7 
SMRENE 10 0.6 
XYLENES(TOTAL) 10 0.9 

10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 UJ(c) 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 UJ(c) 
10 U 
10 U 

3 J 
10 U 
10 U 
10 U 
10 U 

BP-G-DUPS-26 
36253-3 

BP-G-RBS-26 
36253- 1 

TRPBLANK 5-25 
36253-4 

10 
10 
10 
10 

3 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

4 
10 
10 
10 
10 

u 

U 
U 

&W 
U 

UJ(c) 
U 
U 
U 
U 
U 
U 
U 
U 
U 
LJ. 
U 
u ‘ 
U 
U 
U 
U 
U 
U 

UJbl 
U 
U 
J 
U 
U 
U 
U 

10 u 10 U 
10 u 10 U 
10 u 10 U 
10 u 10 U 
10 u 10 U 
66 J(c) 10 U 
10 UJ(c) 10 UJ(c) 
10 u 10 U 
10 u 10 U 
10 u 10 U 
10 u 10 U 
10 u 10 U 
10 u 10 U 
10 u 10 U 
10 u 10 U 
10 u 10 U 
10 u 10 U 
10 u 10 U 
10 u 10 U 
10 u 10 U 
10 u 10 U 
10 u 10 U 
10 u 10 U 
10 u 10 U 
10 u 10 U 
10 UJ(c) 10 UJb) 
10 u 10 U 
10 u 10 U 
10 u 10 U 
10 u 10 U 
10 u 10 U 
10 u 10 U 
10 u 10 U 

DILUTION FACTOR: 1 1 1 1 



APPENDIX J 

DATA VALIDATION LETTERS 



Brown & Root Emhmmental 

TO: 

FROM: 

SUBJECT: 

SAMPLES: 

INTERNAL CORRESPONDENCE 

c-49-4-3-279 

DAVE BRAYACX DATE: APRIL 22, 1993 

XELLY A. JOEWBON COPIES: D. A. SCEEIB 

ORGANIC DATA VALIDATION - VOA 
CT0 89, NWIRP BETEPAGE, BETRPAGE, NEW YORX 
CASE NO. BTEPG, SDG BPG28 

2O/Agueous/BP-G- 

241-02 241-102 241-202 248-02 281-02 
291-02 298-02 401-02 40s.02 421-02 
DDPl-02 DUP2-02 

RBl-02 RB3-02 

TRIP BLANK- 

29D42 
42502 

TB3-11 TB3-12 TB3-16 TB3-17 

INTRODUCTION 

A validation was performed on the analytical data from the Target 
Compound List (TCL) volatile organic compound analysis of fourteen 
(14) aqueous environmental samples and six (6) aqueous field 
quality control blanks analyzed by PACE, Inc. - Hampton under Case 
No. BTHPG, SDG BPG28. These samples were collected by Brown & Root 
Environmental Corporation from March 11 - 17, 1993. 

Included with this sample set are two rinsate blanks (designated 
m-1 I and four trip blanks (i.e., 
Additionally, 

TRIP BLANK; designated by date). 
two field duplicate pairs, 

02) and (BP-G-401-02, BP-G-DUPZ-02), 
(BP-G-291-02, BP-G-DUPl- 

set. 
were included in this sample 

All analyses were conducted in accordance with Naval Energy and 
Environmental Support Activity (NEESA) Level D QA/QC criteria, 
using Contract..Laboratory Program (CLP) Statement of Work (SOW) 
OLM01.8 analytical and reporting protocols. 

-- 



c-49-4-3-239 

MEMO TO: DAVE BRAYACX 
DATE: APRIL 22, 1993 - PAGE 2 

The data contained in this SDG were validated with regard to the 
following parameters: 

* . 
* . 

. 

. 
* l 

* . 

* . 

* . 

* . 

* . 

* . 

Holding times 
GC/MS tuning and system performance 
Initial/continuing calibrations 
Field and laboratory method blank analysis 
Internal standards performance 
Surrogate spike recoveries 
Matrix spike/matrix spike duplicate results 
Compound identification 
Detection limits 
Compound guantitation 
Data completeness 

The symbol (f) indicates that all quality control criteria were met 
for this parameter. Documentation of compliance for these 
indicated parameters is provided in the attached Appendix C 
(Regional Worksheets). 

Problems affecting data quality are discussed below; documentation 
supporting these findings is presented in Appendix D. Qualified 
Analytical Results are presented in Appendix A. 

Volatile Oraanic ComDound Analvsis 

Two of the continuing calibrations performed displayed some 
noncompliances. For the continuing calibrations performed on 3/18 
and 3/19/93 the Percent Differences (%Ds) between the initial and 
continuing calibration response factors for acetone, carbon 
disulfide, 1,2-dichloroethene, and 4-methyl-2-pentanone exceeded 
the 25% quality control criterion. Positive and nondetected 
results reported for these compounds in the associated samples were 
qualified as estimated, coded [J(c) and UJ(c)], respectively. No 
bias can be determined. 

Methylene chloride was detected at a maximum concentration of 
6 pg/L in the analysis of laboratory method blanks, and acetone was 
detected in a maximum concentration of 96 c(g/L in the analysis of 
an associated rinsate blank. Action levels of 60 pg/L methylene 
chloride and 960 pg/L acetone were used to evaluate the data. 
Sample aliguot size and dilution factors were considered during 



c-49-4-3-279 

MEN0 TO: DAVE BRAYACX 
DATE: APRIL 22, 1993 - PAGE 3 

application of the action levels. Positive results reported for 
the blank contaminants at concentrations less than the Contract 
Required Quantitation Limit (CRQL) and within the action level, 
have been replaced by the CRQL value and are qualified as 
undetected, coded [U(b)]. These results are believed to be false 
positives. Positive results reported for the blank contaminants at 
concentrations above the CRQL but within the validation action 
level are likewise qualified as undetected, coded [U(b)]. No 
actions were necessary for acetone as the only positive results 
reported for this compound were detected in the two rinsate blanks. 

ADDITIONAL COMMENTS 

No other problems were noted. Positive results reported at 
concentrations below the associated Contract Required Quantitation 
Limit (CRQL), are qualified as estimated, EJI- No Tentatively 
Identified Compounds (TICS) were detected in the laboratory method 
blanks or environmental samples. 

EXECUTIVE SUMMARY 

Laboratory Performance Issues: Methylene chloride was detected in 
the laboratory method blank. The %D between initial and continuing 
calibration response factors for several compounds was greater than 
25%. 

other Factors Affecting Data Quality: Acetone was detected in the 
rinsate blanks. Positive sample results reported at concentrations 
below the CRQL are qualified as estimates, coded [JJ. 

The data for these analyses were reviewed with reference to the EPA 
Functional Guidelines for Organic Data Validation (3/90), as 
amended for use within EPA Region II, and the NEESA guidelines 
"Sampling and Chemical Analysis Quality Assurance Requirements for 
the Navy Installation Restoration ProgramO' (20.2-047B, 6/88). The 
text of this report has been formulated to address only those 
problem areas affecting data quality. 
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"1 attest that the data referenced herein was validated according 
to the agreed upon validation criteria as specified in the NEESA 
guidelines and the Quality Assurance Project Plan (QAPP)." 

Brown & Ro6t Environmental Corporation 

Kelly A. Johnson 
Chemist/Data Validator 

Brown & Root Environmental Corporation 

Debra A. Scheib 
CLEAN Quality Assurance Manager 

Attachments: 

1. Appendix A - Qualified Analytical Results 
2. Appendix B - Results as Reported by the Laboratory 
3. Appendix C - Regional Worksheets 
4. ApNavy Installation Restoration ProgramI (20.2-047B, 6/88). 

The text of this report has been formulated to address only 
those problem areas affecting data quality. 



Bmwn&RootEm/immental INIERNAL coRREsPoNDF2NcE 

c-49-3-3-175 

TO: DAVE BRAYACX DATE: MARCH 17, 1993 

PROM: KELLY A. JOBNSON COPIES: D. A. SCHEIB 

SUBJECT: ORGAHIC DATA VALIDATION 
PESTICIDE8/PCBa 
NWIRP BETHPAGE, BBTRPAGE, m YORX 
CASE NO. BTEPG, SDG NO. 88242 

SAXPLES: lO/Soil/BP-SB- 

242110 2421150 2431140 
FDlOl 2421160 2431150 
2421140 2431130 243120 

6/Aqueous/ 

BP-SB-RBlOl BP-SB-FBlOl BP-SB-RB103 
TRIP BLANK-1 TRIP BLANK-2 TRIPBLANK- 

INTRODUCTION 

A validation was performed on the analytical data from the Target 
Compound List (TCL) volatile organic compound analysis of nine (9) 
soil samples and six (6) aqueous field quality control blanks 
analyzed by PACE, Inc. - Hampton under Case No. BTHPG, SDG SB242. 
These samples were collected by Halliburton NUS Corporation from 
January 13 - 26, 1993. 

Included with this sample set is one field duplicate pair (samples 
BP-SB2421150, BP-SBFDlOl), one field blank (designated -FB), two 
rinsate blanks (designated -RB), 
TRIP BLANK-). 

and three trip blanks (designated 

All analyses were conducted in accordance with Naval Energy and 
Environmental Support Activity (NEESA) Level D 
Assurance/Quality 

Quality 
Control (QA/QC) criteria, using Contract 

Laboratory Program (CLP) Statement of Work (SOW) OLM01.8 analytical 
and reporting protocols. 
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The data contained in this SDG were validated with regard to the 
following parameters: 

* 
* 

* 

. 

. 

. 

0 

. 

. 

. 

. 

. 

. 

. 

. 

. 

Holding times 
C/MS tuning and system performance 
Initial/continuing calibrations 
Field and laboratory method blank results 
Internal standards performance 
Surrogate spike recoveries 
Matrix spike/matrix spike duplicate results 
Field duplicate precision 
Compound identification 
Detection limits 
Compound guantitation 
Tentatively Identified Compounds (TICS) 
Data completeness 

The symbol (*) indicates that all quality control criteria were met 
for this parameter. Documentation of compliance for these 
indicated parameters is provided in the attached Appendix C 
(Regional Worksheets). 

Problems affecting data quality are discussed below; documentation 
supporting these findings is presented in Appendix D. Qualified 
Analytical results are presented in Appendix A. 

SUMMARY 

Volatile Oraanic ComDound Analysis 

For sample BP-SB-242110, the toluene-d8 surrogate spike percent 
recovery (%R) exceeded the upper quality control limit, and the 
bromofluorobenzene surrogate %R was below the lower quality control 
limit. In addition, the chlorobenzene-d5 internal standard area 
was below the lower quality control limit. The laboratory 
reanalyzed the sample, however, there were no marked improvements 
regarding the aforementioned guality control criteria. All 
positive results and nondetects are qualified as estimated, 
[coded J(s,a) and UJ(s,a)J, respectively. 

Some continuing calibration percent differences (%Ds) reported for 
4-methyl-2-pentanone, 2-hexanone, and carbon disulfide exceeded the 
25% quality control limit. Nondetects for these compounds are 
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qualified as estimated, [coded UJ(c)], in affected samples; no 
positive results were reported. 

A continuing calibration %D for chloromethane exceeded 90%. The 
nondetected results reported for this compound in the associated 
samples are considered to be unusable and are qualified as 
rejected, [coded R(c)]. No associated positive results were 
reported. 

Methylene chloride was detected at a maximum concentration of 4 
fig/Kg in a laboratory method blank and 76 lg/L acetone was detected 
in a rinsate blank. Action levels of 40 pg/Kg and 760 pg/Kg, 
respectively, were used to evaluate the data. Moisture correction 
and dilution factors were considered during the application of the 
action levels. Positive results reported for methylene chloride 
and acetone at concentrations less than the Contract Required 
Quantitation Limit (CRQL) and the validation action level, have 
been replaced by the CRQL value and are qualified as undetected, 
[coded U(b)]. These results are considered to be false positives. 
Positive results reported for methylene chloride and acetone at 
concentrations above the CRQL but within the validation action 
level, remain as reported and are likewise qualified as undetected, 
[coded U(b)]. The common laboratory contaminant 2-butanone was 
also detected in a field quality control blank, however, no actions 
were warranted because no positive results were reported for this 
compound in any associated environmental sample. 

ADDITIONAL COMMENTS 

NO other problems were noted. Positive results reported at 
concentrations below the CRQL are qualified as estimated, [J]. 

EXECUTIVE SUMMARY 

Laboratory Performance Issues: Chloromethane nondetects in some 
samples are considered to be unreliable because the laboratory 
could not demonstrate sustained calibration for this compound. 
Minor calibration exceedances were noted for several other 
compounds. 
blanks. 

Methylene chloride was detected in laboratory method 

Other Factor8 Affecting Data Quality: Sample BP-SB-242110 
demonstrated matrix interferences as evidenced by problems with 
surrogate recovery and internal standards performance. Acetone and 
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2-butanone were detected in associated field quality control 
blanks. Positive results reported at concentrations below the CRQL 
are qualified as estimates. 

. 

The data for these analyses were reviewed with reference to the EPA 
Functional Guidelines for Organic Data Validation (3/90), as 
amended for use within EPA Region II, and the NEESA guidelines 
"Sampling and Chemical Analysis Quality Assurance Requirements for 
the Navy Installation Restoration Program" (20.20047B, 6/88). The 
text of this report has been formulated to address only those 
problem areas affecting data quality. 

"1 attest that the data referenced herein was validated according 
to the agreed upon validation criteria as specified in the NEESA 
guidelines and the Quality Assurance Project Plan (QAPP)." 

S Corporation 

Kelly A. Johnson 
Chemist/Data Validator 

Halliburton NUS Corporation 

Debra A. Scheib 
CLEAN Quality Assurance Manager 

Attachments: 

1. Appendix A - Qualified Analytical Results 
2. Appendix B - ReSUltS as Reported by the Laboratory 
3. Appendix C - Regional Worksheets 
4. Appendix D - Support Documentation 



BmwMRout Environmental INTERNAL CORRESPONDENCE 

TO: 

FROM: 

SUBJECT: 

SAMPLES: 

C-49-3-3-188 

DAVE BRAYACX DATE: MARCE 31, 1993 

NORMAN J. STRAW COPIES: D. A. SCEEIB 

ORGANZC DATA VALIDATION 
PESTICIDES/PCBs 
NWIRP BBTEPAGE, BETHPAGE, NEW YORK 
CASE NO. BTEPG, 8DG BBl21 

19/Sail/BP- 

SDZOl-A SS103-A SSZlO-A 
SD202-A SSlOQ-A SS212-A 
SB12103-A SSlOS-A SS214-A 
SB20603-A SS106-A SS216-A 
SB21503-A SS207-A SS322-A 
SSlOl-A SS208-A DUPOl-A 
SSlOZ-A 

l/Aqueous/ 

BP-SSZlO-RB 

INTRODUCTION 

A validation was performed on the analytical data from the organic 
fraction Target Compound List (TCL) pesticide and PCB analysis of 
nineteen (19) soil samples and one (1) aqueous field quality 
control blank analyzed by PACE, Inc. -. 
BTHPG, SDG SB121. 

Hampton under Case No. 
These samples were collected by Halliburton BUS 

Corporation on December 15, 1992. 

Included with this sample set is one field duplicate pair (samples 
BP-SS207-A, BPDUPOl-A), 
Additionally, 

and one rinsate blank (designated -RB). 

however, 
sample BP-SSZlO-A is included in this sample set, 

its field duplicate, sample BP-DUPOZ, was analyzed and 
reported under SDG SS210. 

All analyses were conducted in accordance with Naval Energy and 
Environmental Support Activity (NEESA) Level D QA/QC criteria, 
using Contract Laboratory Program (CLP) Statement of Work (SOW) 
OLM01.8 analytical and reporting protocols. 
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The data contained in this SDG were validated with regard to the 
following parameters: 

* l 

* . 

. 

* . 

* . 

. 

. 

* . 

. 

* . 

l 

. 

Holding times 
GC/MS tuning and system performance 
Initial/continuing calibrations 
Field and laboratory method blank analysis 
Internal standards performance 
Surrogate spike recoveries 
Matrix spike/matrix spike duplicate results 
Field duplicate precision 
Compound identification 
Detection limits 
Compound guantitation 
Data completeness 

The symbol (*) indicates that all quality control criteria were met 
for this parameter. 
indicated parameters 

Documentation of compliance for these 
is provided in 

(Regional Worksheets). 
the attached Appendix C 

Problems affecting data quality are discussed below; documentation 
supporting these findings is presented in Appendix D. 
Analytical Results are presented in Appendix A. Qualified 

pesticide/PCB ComDound Analysis 

The initial calibration Percent Relative Standard Deviations 
(%RSDs) for a-BHC and A-BHC on the SPB-608 analytical column were 
less than the 20% quality control limit. Nondetects reported for 
these compounds are qualified as estimated, [coded UJ(c)], in all 
affected samples. 

The Relative Percent Difference (RPD) exceeded 25% for methoxychlor 
for the continuing calibration INDA mixture analysis performed on 
the SPB-608 analytical column (01/09/93, 08.45 hours). Nondetects reported for methoxychlor are qualified as estimated, 
UJ(c) 1 t in affected samples. [coded 

The retention time window established by the initial calibration on 
the SPB-608 analytical column was marginally exceeded by the 
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endosulfan II continuing calibration standard analyzed on 01/10/93 
at 1045 hours. No action was taken because review of the affected 
sample chromatograms did not indicate the presence of endosulfan II 
in an expanded retention time window. 

The percent recovery (%R) reported for the surrogate spike compound 
Tetrachloro-m-xylene (TCX) on one or both analytical columns was 
marginally below the lower advisory limit for samples BP-: 
SB21503-A, SS104-A, SS208-A, SSZlO-A and SS214-A. In accordance 
with EPA Region II data validation protocol, positive results in 
these samples are qualified as estimated, [coded J(s)]; no action 
is taken for associated nondetects. These results are potentially 
biased low. 

One decachlorobiphenyl (DCB) surrogate spike compound recovery was 
< 10% while one or both TCX recoveries were marginally below the 
lower advisory limit for samples BP-: SDZOl-A, SD202-A, SS207-A 
and SS216-A. In accordance with EPA Region II data validation 
protocol, positive results reported in these affected samples have 
been qualified as estimated, [coded J(s)]; associated nondetects 
have been rejected, [coded R(s)]. 

Zero percent recoveries of both surrogates for both analytical 
columns were reported for sample BP-SB12103-A and its dilution 
analysis. It is believed that the laboratory failed to surrogate 
spike this sample. In accordance with EPA Region II data 
validation protocol, positive results reported in this sample are 
qualified as estimated, [coded J(s)]; nondetects are rejected, 
[coded R(s)]. 

The Matrix Spike/Matrix Spike Duplicate (MS/MSD) %Rs reported for 
4,4 '-DDT in the spiked sample analyses of BP-DUPOl-A greatly 
exceeded the upper quality control limit. No action was taken in 
accordance with USEPA Region II data validation protocol. 

Reported positive results for some samples exceeded the linear 
calibration range and required dilution analyses. The dilution 
analysis results are reported in Appendix A for the affected over 
range target compounds. 

Positive results reported for 4,4' -DDE and 4,4'-DDT in sample BP- 
DUPOl-A were greater than the respective upper linear calibration 
limits for these compounds, however, 
performed as required. 

dilution analyses were not 
These results are therefore, then, 
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[coded J(s) 1 t due to the uncertainty 
associated with quantitation beyond the established calibration 
range. 

The laboratory, in violation of CLP analytical protocol, used only-- 
a designated singular peak to quantify the multicomponent analytes. 
The laboratory was contacted on 03/20/93 and a request for 
recalculation and resubmission of incorrect data summary forms 
(Forms 1 and 10B) was made at that time. The corrected forms were 
received on 04/12/93. 

Some sample results reported for aroclor-1248 and aroclor-1254 and 
one result reported for 4,4 '-DDT in sample BP-DUPOl-A were not 
confirmed by GC/MS as required by the analytical SOW OLM01.8. The 
laboratory did, however, perform GC/MS confirmation on one sample 
(BP-SB20603) for aroclor-1248. The laboratory stated that 
additional GC/MS analyses were not performed because it was felt 
that the confirmed analytical result was representative of all 
other positive results reported 
collected in this sampling round. 

for aroclor-1248 in samples 
No validation actions were 

taken, because review of the affected sample chromatograms 
indicated that a correct identification of the affected compound 
mixture was made based on retention times. 

The quantitative agreement between corollary analyte values 
generated on both analytical columns was greater than 25% for some 
samples with positive results reported for aroclor-1248, aroclor- 
1254, 4,4'-DDT, 4,4'-DDD, 4,4'-DDE, heptachlor epoxide, and 
dieldrin. These positive values have been qualified as estimated, 
[coded J(q)]. 

aDDITIONAL COMMENTS 

No other problems were noted. Some results were reported at 
concentrations below the associated Contract Required Quantitation 
Limit (CRQL). 

EXECUTIVE SUMMARY 

Laboratory Performance Issues: Initial calibration %RSDs were not 
met for two BHC compounds. The continuing calibration RPD for 
methoxychlor failed to meet quality control limits. Endosulfan II 
responded outside the established retention time window for a 
continuing calibration run. Sample BP-DUPOl-A should have been run 

-_ 
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as a dilution and was not. 
the multicomponent 

The laboratory incorrectly guantitated 
analytes and had to be 

recalculation 
contacted for 

and resubmission of the affected data. 
laboratory failed to perform several confirmatory analyses. 

The 
It is 

believed that the laboratory failed to spike one sample with. 
surrogates. 

Other Factors Affecting Data Quality: 
outside of advisory limits for several 

Surrogate recoveries were 

4,4 
samples. 

I-DDT exceeded quality control limits. 
MS/MSD %Rs for 

The data for these analyses were reviewed with reference to the EPA 
Functional Guidelines for Organic Data Validation 
amended for use within EPA Region II, 

(3/W, as 
and the NEESA guidelines 

"Sampling and Chemical Analysis Quality Assurance Requirements for 
the Navy Installation Restoration Program" (20.2-047B, 6/88). The 
text of this report has been formulated to address only those 
problem areas affecting data quality. 

"1 attest that the data referenced herein was validated according 
to the agreed upon validation criteria as specified in the NEESA 
guidelines and the Quality Assurance Project Plan (QAPP)." 

Balliburti NUS CorporMion 

Norman J. Straub 
Chemist/Data Validator 

S Corporation 

Debra A. Scheib 
CLEAN Quality Assurance Manager 
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Attachments: 

1. Appendix A - Qualified Analytical Results 
2. Appendix B - Results as Reported by the Laboratory 
3. Appendix C - Regional Worksheets 
4. Appendix D - Support Documentation 

. . 



Bmwn&Rwt Environmental INTERNAL coRREsPoNDENcEz 

TO: 

PROM: 

SUBJECT: 

SAMPLES: 

c-49-4-3-171 

DAVE BRAYACK DATE: APRIL 14, 1993 

KELLY A. JOBWSON COPIES: D. A. SCREIB 

ORGANIC DATA VALIDATION - VOA 
CT0 89, NUIRP BETHPAGE, BRTRPAGE, HRW YORK 
CASE NO. BTIZPG, SDG BPG41 

8/Agueous/BP-G- 

411-02 41s.02 USGS-02 2711-02 

R85-02 FBl-02 

TRIP BLANK- 

3-18-93 3-19-93 

INTRODUCTION 

A validation was performed on the analytical data from the Target 
Compound List (TCL) volatile organic compound analysis of four (4) 
aqueous environmental samples and four (4) aqueous field quality 
control blanks analyzed by PACE, Inc. - Hampton under Case No. 
BTHPG, SDG BPG41. These samples were collected by Halliburton NUS 
corporation from March 18 - 19, 1993. 

Included with this sample set are one rinsate blank (designated 
m-1 # one field blank (designated FB-), and two trip blanks (i.e., 
TRIP BLANK; designated by date). Additionally, 
is included in this sample set, however, 

sample BP-SSZlO-A 

sample BP-DUP02, 
its field duplicate, 

was analyzed and reported under SDG SS210. 

All analyses were conducted in accordance with Naval Energy and 
Environmental Support Activity (NEESA) Level D QA/QC criteria, 
using Contract Laboratory Program (CLP) Statement of Work (SOW) 
OLM01.8 analytical and reporting protocols. 

The data contained in this SDG were validated with regard to the 
following parameters: 

* . Holding times 
* . 
* 

GC/MS tuning and system performance 
. Initial/continuing calibrations 
. 

* 
Field and laboratory method blank analysis 

. 
* 

Internal standards performance 
. Surrogate spike recoveries 

-_ 
-_ 
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The symbol (*) indicates that all quality control criteria were met 
for this parameter. Documentation of compliance for these 
indicated parameters is provided in the attached Appendix C 
(Regional Worksheets). 

Problems affecting data quality are discussed below; documentation 
supporting these findings is presented in Appendix D. Qualified 
Analytical Results are presented in Appendix A. 

Volatile Oroanic ComDound Analvsis 

Methylene chloride was detected at a maximum concentration of 
6 pg/L in the analysis of laboratory method blanks, and acetone was 
detected in a maximum concentration of 91 pg/L in the analysis of 
an associated field blank. Action levels of 60 pg/L methylene 
chloride and 910 c.(g/L acetone were used to evaluate the data. 
Sample aliquot size and dilution factors were considered during 
application of the action levels. Positive results reported for 
the blank contaminants at concentrations less than the Contract 
Required Quantitation Limit (CRQL) and within the action level, 
have been replaced by the CRQL value and are qualified as 
undetected, coded [U(b)]. These results are believed to be false 
positives. Positive results reported for the blank contaminants at 
concentrations above the CRQL but within the validation action 
level are likewise qualified as undetected, coded [U(b)]. 

jU3DITIONJU, COMMENTS 

No other problems were noted. Positive results reported at 
concentrations below the associated Contract Required Quantitation 
Limit (CRQL), are qualified as estimated, 

153 l 
No Tentatively 

Identified Compounds (TICS) were detected in the laboratory method 
blanks or environmental samples. 
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EXECUTIVE SW 

Laboratory Performance Issues: Methylene chloride was detected in 
the laboratory method blank. 

Other Factors Affecting Data Quality: Acetone was detected in the 
field and rinsate blanks. Positive sample results reported at 
concentrations below the CRQL are qualified as estimates. 

The data for these analyses were reviewed with reference to the EPA 
Functional Guidelines for Organic Data Validation (3/W t as 
amended for use within EPA Region II, and the NEESA guidelines 
"Sampling and Chemical Analysis Quality Assurance Requirements for 
the Navy Installation Restoration Program@@ (20.2-047B, 6/88). The 
text of this report has been formulated to address only those 
problem areas affecting data quality. 

"1 attest that the data referenced herein was validated according 
to the agreed upon validation criteria as specified in the NEESA 
guidelines and the Quality Assurance Project Plan (QAPP)." 

Kelly A. Johnson 
Chemist/Data Validator 

Debra A. Scheib 
CLEAN Quality Assurance Manager 
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Attachments: 

1. Appendix A - Qualified Analytical Results 
2. Appendix B - Results as Reported by the Laboratory 
3. Appendix C - Regional Worksheets 
4. Appendix D - Support Documentation 



Brown & Root Environmental INTERNAL CDXRESPONDENCE 

TO: 

FROM: 

SUBJBCT: 

SAKPLES: 

C-49-06-3-158 

DAVE BRAYACK DATE: JUNB 15, 1993 

MICEELLBL.ALLEN COPIBSt 0, A. SCEBIB 

ORGAATIC DATA VALIDATIGBT 
VOLATILBS AND PCBs 
CT0 089, NWIRP BETHPAGB, BETBPAOE, NBW YGRK 
CASE NO. BETEP, SD0 NO. BPDR2 

3/Sail/ 

BP-DR-27S3 BP-DR-119 BP-DR-121 

lO/Aqueous/ 

BP-PW-08 BP-PW-09 BP-PW-10 
BP-PW-11 BP-PW-14 BP-PW-DU-01 
BP-PW-MS-01 

BP-PW-TB-01 BP-DR-TB-01 BP-DR-RB-01 

IN'TTODUCTION 

A validation was perfoxmed on the CT0 089 NIWIRP Bethpage site 
analytical data from the Target Compound List (TCL) volatile 
organic compound analysis of three (3) soil and ten (10) aqueous 
samples analyzed by PACE, Inc. - Hampton under Case No. BETBP, SDG 
BPDRZ. One soil sample, BR-DR-121, was also 
polychlorinated biphenyl compounds (PCBs). 

analyzed for 
These samples were 

collected by Brown & Root Environmental on April 22-23, 1993. 

Included with this sample set is two field duplicate pairs (samples 
BP-PW-08 and BP-PW-DU-01, BP-PW-14 and BP-PW-MS-Ol), one rinsate 
blank (designated -RB-1, and two trip blanks (designated -TB-1. A 
Matrix Spike/Matrix Spike Duplicate (MS/MSD) was not requested for 
the soil samples in the volatile fraction and for the PCB sample, 
consequently, the data could not be validated for this parameter. 

All analyses were conducted in accordance with Naval Energy and 
Environmental support Activity (NEESA) Level D 
Assurance/Quality 

Quality 
Control (C?A/QC) criteria, using Contract 

Laboratory Program (CLP) Statement of Work (SOW) OLM01.8 analytical 
and reporting protocols. 
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The data contained in this SDG were validated with regard to the 
following parameters: 

l 

l l 

l 

t 0 

+ l 

Holding times 
W/MS tuning and system performance 
Initial/continuing calibrations 
Field and laboratory method blank results 
Internal standards performance 
Surrogate spike recoveries 
Matrix spike/matrix spike duplicate results 
Field duplicate precision ' 
Compound identification 
Detection limits 
Compound quantitation 
Tentatively Identified Coanpounds (TICS) 
Data completeness 

The symbol (*) indicates that all quality control criteria were met 
for this parameter. Documentation of compliance for these 
indicated parameters is provided. in 
(Regional Worksheets). 

the attached Appendix C 

Problems affecting data quality are discussed below; documentation 
supporting these findings is presented in Appendix D. Qualified 
Analytical Results are presented in Appendix A. 

Volatile Ore 

The initial calibration Percent Relative Standard Deviation (%RSD) 
for acetone exceeded 30%. No actions were taken as no positive 
results were reported for this compound in the affected samples and 
nondetects were not compromised. In addition, 
calibration Percent Differences 

some continuing 
(%Ds) reported for acetone and 

carbon disulfide exceeded the 25t quality control limit. 
Nondetects for these compounds are qualified as estimated, [coded 
UJ(c)l, in affected samples; no positive results were reported. 

Methylene chloride was detected at a maximum concentration of 4 
w/Kg I and acetone was detected at a maximum concentration of 7 
fig/Kg in the laboratory method blanks. 
and 70 pg/Kg, respectively, 

Action levels of 40 c(g/Kg 
were used to evaluate the low level 

soil data. Moisture correction and dilution factors were 

-. 
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considered during the application of the action levels. Positive 
results reported for methylene chloride and acetone at 
concentrations less than the Contract Required Quantitation Limit 
(CRQL) and the validation action level, have been replaced by the 
CRQL value and are qualified as undetected, [coded U(b)]. These 
results are considered to be false positives. Positive results 
reported for acetone at concentrations above the CRQL but within 
the validation action level, remain as reported and are likewise 
qualified as undetected, [coded U(b)]. No contamination was found 
in the either the aqueous laboratory method blanks or the field 
quality.control blanks, therefore, the .aqueous samples were not 
qualified for blank contamination. 

Field duplicate imprecision was noted for the sample pair BP-PW-08 
and BP-PW-DU-01. The Relative Percent Difference (RPD) for 
several compounds exceeded 30%, which is generally considered to be 
the evaluation limit used for aqueous samples. However, in 
accordance with EPA Region II data validation protocol, no actions 
were taken for the affected positive results because the 
exceedances were not considered to be "gross". 

According to the laboratory case narrative, the compound 1,1,1- 
trichloroethane was flagged with an IEn qualifier on the Form I for 
sample BP-PW-DU-01. This compound slightly exceeded the 
calibration range but, theorectically, was still within the linear 
range of the instrument (209 > 200). No dilution analysis was 
performed because the laboratory contends this value is accurate. 
The positive result for this compound in samle BP-PW-DU-01 has been 
qualified as estimated, [coded J(q)], as it is the professional 
opinion of the data reviewer that the exact quantitation of this 
compound is not known despite the laboratory's contention that 
quantitation is accurate. 

PCB ComDound Analvsis 

The surrogate spike compound Tetrachloro-m-xylene (TCX) yielded 
Percent Recoveries ORs) that were less than the lower advisory 
limit yet > 101 for the environmental sample, laboratory method 
blank, and the laboratory control spike/laboratory control spike 
duplicate (LCS/LCSD). Surrogate recoveries outside of quality 
criteria suggest sample preparation, instrument performance, and/or 
sample matrix interference problems which may compromise the 
detection and quantitation of target contaminants present in the 
sample. According to EPA Region II data validation protocol, no 
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action was taken for affected sample since only one surrogate 
compound was below the quality control limit. 

The initial calibration %RSD for alpha-BHC exceeded the 203 quality 
control limit. No action was warranted because the affected 
environmental sample was not analyzed for this compound. '. 

The Relative Percent Difference (RPD) for alpha-SHC for Performance 
Evaluation Mixture (PBM) analysis (PBMEU) exceeded 25% on one 
analytical column. No action were taken because the associated 
environmental sample was not analyzed for this compound. 

A retention time shift was observed for endrin on one GC column 
(SPB-1710) in the PEM analyses (PEMHG). Retention time shifts were 
also reported on the same column for endosulfan II, endosulfan 
sulfate, and endrin aldehyde in the Independent B Mixture 
(INDBMHE). No actions were taken in the associated environmental 
sample since this sample was not analyzed for these compounds and 
the compounds were within the retention time windows on the other 
GC column (SPB-608). 

The Percent Difference (tD) of the positive results obtained on the 
two GC columns exceeded 25% for the PCB results reported in the 
sample, BP-DR-121. The positive result for Aroclor-1254 was * 90% 
between the two GC columns, and the positive result for Aroclor- 
1248 (taken from the sample dilution) was > 25% yet c 50%. The 
diluted result.was chosen because the original result exceeded the 
instrument's linear calibration range. In addition, the 
aforementioned compounds were quantified from two peaks (instead of 
three) due to interference between the Aroclors. In accordance 
with EPA Region II data validation protocol, positive results for 
Aroclor 1254 and 1248 in the affected sample were qualified as 
rejected, [coded R(y)] and estimated, [coded J(y) 1, respectively. 

ADDITIONAL COMMENTS 

No other problems were noted. Positive results reported at 
concentrations below the associated Contract Required Quantitation 
Limit (CRQL), are qualified as estimated, coded [Jl. Asuuunaryof 
Tentatively Identified Compounds (TICS) are included in Appendix A. 

Laboratory Perfomame Ie6ueer Minor calibration exceedances were 
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noted for some compounds. Methylene chloride and acetone were 
detected in laboratory method blanks. TCX surrogate recoveries 
were below quality control limits for the laboratory method blank 
and laboratory control spike MS and MSD. Alpha-BBC RPD criteria 
was not met for one column for one PBM analyses. The %-Da between 
the two GC columns exceeded quality control criteria for positive 
PCB results. 

Other Factors Affecting Data Qualityr Field duplicate imprecision 
was observed for one field duplicate pair in the volatile fraction. 
TM surrogate recoveries failed to meet advisory limits for the PCB 
sample. 

The data for these analyses were reviewed with reference to the EPA 
Functional Guidelines for Organic Data Validation (3/90), as 
amended for use within EPA Region II, and the NEESA guidelines 
"Sampling and Chemical Analysis Quality Assurance Requirements for 
the Navy Installation Restoration Program" (NEESA 20.2-047B, 6/88). 
The text of this report has been formulated to address only those 
problem areas affecting data quality. . 

"I attest that the data referenced herein was validated according 
to the agreed upon validation criteria as specified in the NEESA 
guidelines and the Quality Assurance Project Plan (QAPP).m 
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UC9 c--3 
Brown & Root Environmental 

Michelle L. Allen 
Chemist/Data Validator 

(izlm?a 
Brown & Root Environmental 

Debra A. Scheib 
CLEAN Quality Assurance Manager 

Attachments: 

1. Appendix A - Qualified Analytical Results 
2. Appendix B - Results as Reported by the Laboratory 
3. Appendix C - RegiOMl Worksheets 
4. Appendix D - Support Documentation 
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SUBJgCT: 

SAMPLES: 

C-49-07-3-084 

DAVE BMYAClC DATE: JULY 12, 1993 

XICHBLLBL.ALLKN COPIES: D. A. SCBXIB 

ORGANIC DATA VALIDATION 
TCL VOLATILBS 
CT0 089, NWIRP BETHPAGE, BBTHPAGZ, MSW YORX 
CASE NO. BTHPG, SDG NO. 43101 

Q/Aqueous/ 

BP-G-431-01 BP-G-DUP5-26 

BP-G-RB5-26 TRIPBLANK 5-26 

JJVRODUCTIW 

A validation was performed on the CT0 089 NIWIRP Bethpage site 
analytical data from the Target Compound List (TCL) volatile 
organic compound analysis of four (4) aqueous samples analyzed by 
PACE, Inc. - Hampton under Case No. BETHP, SDG 43101. These 
samples were collected by Brows & Root Environmental on May 26, 
1993. 

Included with this sample set is one field duplicate pair (samples 
BP-G-431-Oland BP-G-DU5-26), one rinsateblank (designated -RBS-), 
and one trip blank (designated TRIPBLANK 50). A Matrix 
Spike/Matrix Spike Duplicate (MS/MSD) was not requested for these 
volatile aqueous samples since they are an addendum to a previous 
Bethpage sampling round. Hence, the data could not be validated 
for this parameter. 

All analyses were conducted in accordance with Naval Energy and 
Environmental Support Activity (NBESA) Level D 
Assurance/Quality Control (QA/QC) 

Quality 
criteria, using Contract 

Laboratory Program (CLP) Statement of Work (SOW) OLM01.8 analytical 
and reporting protocols. 
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The data contained in this 
following parameters: 

* l Holding times 
t 0 GC/MS tuning and 

SDG were Mlidated with regard to the 

system performance 
l Initial/continuing calibrations 
l Field and laboratory method blank results 

t l Internal standards performance 
l l Surrogate spike recoveries 
l 0 Field duplicate precision 
* l . 

+ 0 
Compound identification . . 
Detection limits 

t l Compound quantitation 
t 0 Tentatively Identified Compounds (TICS) 
+ l Data completeness 

The symbol (*) indicates that all quality control criteria were met 
for this parameter. Documentation of compliance for these 
indicated parameters is provided in the attached Appendix C 
(Regional Worksheets). 

Problems affecting data quality are discussed below; documentation 
supporting these findings is presented in Appendix D. Qualified 
Analytical Results are presented in Appendix A. 

. . Volatile Or-c Cv 

The initial calibration Percent Relative Standard Deviation (%RSD) 
for acetone exceeded 303 The positive result reported for this 
compound in sample BP-G-RB5-26 was qualified as estimated [coded J(c)1 l Nondetected results in the other affected samples were not 
compromised. In addition, the continuing calibration Percent 
Differences (ZDs) reported for carbon disulfide and 2-hexanone were 
greater than 25%. Nondetects for these compounds are qualified as 
estimated, [coded UJ(c)l, in affected samples; no positive results 
were reported. 

Methylene chloride was detected at a maximum concentration of 3 
pg/L in the laboratory method blank and acetone was detected at a 
maximum concentration of 86 pg/L in the field quality control 
blank, BP-G-RB5-26. Action levels of 30 pg/L and 860 pg/L, 
respectively, were used to evaluate the low level water data. 
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Aliquot size used for analysis was considered during the 
application of the action levels. A positive result reported for 
methylene chloride in sample BP-G-DU5-26 at a concentration less 
than the Contract Required Quantitation Limit (CRQL) and the 
validation action level, has been replaced by the CRQL Mlue and is 
qualified as undetected, [coded U(b)]. This result is considered% 
to be a false positive. No positive results were reported for 
acetone, therefore, associated environmental samples were not 
qualified for blank contamination for this compound. 

No other problems were noted. Positive results reported at 
concentrations below the associated Contract Required Quantitation 
Limit (CRQL), are qualified as estimated, coded [J]. 

Laboratory Performance Iesuss: Minor calibration exceedances were 
noted for some compounds. Methylene chloride was detected in 
laboratory method blank. 

Other Factors Affecting Data Quality: Acetone was detected in the 
rinsate field quality control blank. 

The data for these analyses were reviewed with reference to the EPA 
Functional Guidelines for Organic Data Validation 
amended for use within EPA Region II, 

(3/90), as 
and the NEESA guidelines 

"Sampling and Chemical Analysis Quality Assurance Requirements for 
the Navy Installation Restoration Program" (NEESA 20.2-047B, 6/88). 
The text of this report has been formulated to address only those 
problem areas affecting data quality. 

"1 attest that the data referenced herein was validated according 
to the agreed upon validation criteria as specified in the NEESA 
guidelines and the Quality Assurance Project Plan (QAPP)." 

Brown & Root Environmental 

Michelle L. Allen 
Chemist/Data Validator 
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Brown & Root Bnvironmental 

Debra A. Scheib 
CLEAN Quality Assurance Manager 

Attachments: 

1. Appendix A - Qualified Analytical Results 
2. Appendix B - Results as Reported by the Laboratory 
3. Appendix C - Regional Worksheets 
4. Appendix D - Support Documentation 



Data Qualifier Key 

U Value is a nondetect as reported by the laboratory. 

U(b) - Value is considered to be a false positive attributable to blank 
contamination. 

,b 
J 0 Value is estimated because it is reported at a concentration less than the 

associated CRQL. 

J(c) - Positive result is considered to be estimated based on exceedance of 
associated calibration criteria. 

UJ(c) - Nondetected result is considered to be estimated based on exceedance of 
associated calibration criteria. 



APPENDIX K 

RISK ASSESSMENT CALCULATIONS 



UPPER 95% CWFIDENCE LlMlT ON THE ARITHMETIC MEAN 

Enter Chemical: Aroclor-1242 (Site 1) 

Enter Matrix: Soil 

Enter nuber of smples: 9 
Degrees of Freedan: 8 

Enter sele results (use l/2 CRDL for non-detects) 

No. 
--___ 

1 
2 
3 
L 

5 

6 
7 
8 
9 
10 
11 

12 

13 
11 

15 
16 
17 

18 
19 

20 
21 
22 
23 
24 

25 
26 

27 
28 
29 

30 
31 

32 
33 
34 
35 
36 

37 
38 

39 
CO 
41 

42 
c3 
14 

cont. 
_---_ 

1800 
1700 

285 
19 

18500 

19 

25000 
18 

17.5 

Mean: 5262.056 

Los(cw. I 

----e-e--- 

7.495542 
7.438384 
5.652489 
2.944439 
9.825526 

2.944439 
10.12663 
2.890372 
2.862201 

0 
0 
0 

0 

0 

0 
0 
0 

0 
0 

0 
0 
0 

0 
0 

0 
0 

0 
0 
0 

0 
0 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

5.797780 
329.5672 

(Xi-XbarP2 (Xi-Xbar)**2 
----~~-~~~~- __________-- 

11985829 2.882395 
12688240 2.691579 

24mO82 .0211O95 

27489632 8.161556 
l.T524e8 16.22274 

27489632 8.141556 
3.8959e8 18.73895 
27SOOll9 8.453024 
27505363 8.617626 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

9514.854 3.039542 

Upper 95% confide& Limit on arithmetic mean: 11161.26 
Upper 95% confidetie limit on geanetric man: 3.7051~8 



UPPER 95% CONFIDENCE .LIHIT DN THE ARITHMETIC MEAN 

Enter Chemical: Aroclor-1248 (Site 1) 

Enter Matrix: Soil 

Enter rnmber of szurptes: 9 

Degrees of Freedan: 8 

Enter sanple results (use l/2 CRDL for non-detects) 

1 
2 
3 
4 

5 
6 
7 
8 
9 

10 

11 

'12 

13 
14 

15 
16 
17 

18 
19 
20 
21 

22 
23 

24 

25 
26 

27 
28 

29 
30 
31 

32 
33 
34 
35 
36 

37 
38 
39 
40 
Cl 
42 
43 

Mean: 

7900 
7500 

25000 
1100 

1300000 
2500 

900 

1700 
1000 

149733.3 

8.974618 
8.922658 
10.12663 

7.003065 
14.077a7 
7.824046 
6.802395 
7.438384 

6.907155 

0 

0 
0 

0 
0 

0 
0 

0 
0 
0 
0 
0 

0 
0 
0 

0 
0 

0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

8.675270 
5856.279 

(Xi-Xber)**2 (Xi-Xbar)**2 
~~~~~~~~~~~- -~~~---~---~ 

2.012elO .08%094 
2.023elO .0612011 
1.556elO 2.106450 
2.209elO 2.796267 
1.323e12 29.18810 
2.168elO .RC5818 
2.215elO 3.507661 
2.191elO 1.529887 
2.212elO 3.124107 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 

0 0 
0 0 

0 0 

0 0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

431418.5 2.321850 

Upper 05% confidewe limit on arithmetic mean: 417212.8 

Upper %X confidence limit on geometric mean: 21465442 



UPPER 95% CONFIDENCE LIHIT Ow THE ARITHMETIC MEAN 

Enter Chemical: Aroclor-1254 (Site 1) 

Enter Matrix: Soil 

Enter nu&er of samples: 9 

Degrees of Freedan: 8 

Enter sanpte results (use l/2 CROL for ncwdetects) 

1 

2 

3 
4 

5 
6 
7 

8 
9 

10 
11 

12 
13 
14 

15 

16 
17 
18 
19 

20 
21 

22 
23 
24 
25 
26 
27 
28 

29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

42 
43 

Hem: 20522.22 

8.188689 
8.131531 

8.517193 
6.492240 
12.04355 
6.272877 
6.802395 

5.991465 

5.347108 

0 
0 
0 
0 
0 

0 

0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 

0 

0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

7.531894 
1866.638 

(Xi-XbarP2 (Xi-Xbar)**2 
emeaw---mee. m----wmmwL-- 

2.8636e8 -4313792 
2.9317e8 .3595636 
2.4094e8 .9708135 
3.9451e8 1.080882 
2.234elO 20.35507 
3.9969e8 1.585125 
3.8503e8 .53216W 
4.049oe8 2.372924 
4.1259e8 4.m294 

0 0 

0 0 
0 0 
0 0 
0 0 

0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

56081.19 2.014362 

Upper 95X confidence limit on arithmetic man: 55292.56 
Upper 05% confidence limit on geanetric men: 938416.6 



UpPER 05% COWFIOENCE LIMIT o)I THE ARITHHETIC HEAN 

Enter Chai Cal: Aroclor-1242 (Site 1) - Future soil (post radiation). 
Enter Matrix: Soil 

Enter nrnbcr of snples: 
Degrees of Freedom: 

Enter srple results (use l/2 CROL for non-detects) 

250:: 

1800 7.495542 

2.944439 10.12663 

17:: 

1700 

2.890372 2.862201 

7.438384 

x 

285 

: 

5.652489 

i 

00 

19 

0 

2.944439 

0 

3607.313 5.294312 
lW.2005 

12875987 
4.5765e8 

3266378. 

12883164 
12886754 

ii 

3637641. 

x 

x 

x 

11037760 

8 

x 

8 

12875987 

(Xi-Xbar)"2 
-~~~~~~~~~~- 
4.845413 
4.597043 
.1282909 
5.521903 
5.521903 
23.35131 
5.n8929 
5.915165 

I 

x 

8 

00 

00 

: 

x 

ii 

: 

00 

i 

i 

: 

: 

8 

8 

x 

: 

2.819827 

Upper 95% confidence limit on arithmetic mean: 
Upper 05% confidence limit on geanetric mean: 

9421.1% 
1.1449e8 



UPPER 05% CONFIDENCE LIMIT ON THE ARITHMETIC MEAN 

Enter Chemical: Aroclor-1248 (Site 1) - Future soil (post remediation). 
Enter Matrix: Soil 

Enter nnkr of unplas: 
Degrees of Freedas: s 

Enter saepte results (use l/2 CRDL for non-ktcctS) 

7900 
7500 

25000 
1100 
2500 

1:: 
1000 

8.974618 
8.922658 
10.12663 
7.003065 
7.824046 

%z 
6:907755 0 

00 0 
0 

8 
0 

7.999944 
2980.791 

3802500 
2402500 

3.629Oe8 

K&%x8 
25502500 
18062500 
24502500 

8 

x 

00 
0 

0" 

0" 

x 

8 

0" 

8 
0 

x 

x 

i 

: 

x 

8 

I 
0 

(Xi-Xbr)ti2 
~~-~~~~~~~~~ 
.9499894 
.8514016 

4Ga 
.03%401 
1.434124 
.3153502 
1.192876 

8 

x 

: 
0 

0" 
0 

Fl 
0 

8 

x 

ii 

x 

8 

8 
0 

8 

8 

x 

0" 
0 

8216.708 1.212509 

Upper 05% confidence limit on arithmetic mean: 11455.06 
Upper 95% confidence Limit on geanetric mean: 38557.68 



UPPER 95% CONFIDENCE LIMIT ON THE ARITHRETIC HEAN 

Enter Chaical: ;;glor-1254 (Site 1) - Future soil (post remadiation). 
Enter matrix: 

Enter nrnkr of saapla: 8 
Degrees of freedas: 7 

Enter saeple results (use l/2 CROL for 

No. CW. 
-w-w- m-em- 

1 3600 

: 3400 5000 
4 660 
2 900 530 

7 400 

; 
210 

10 
11 

:s 

:: 
16 

:x 
19 

non-detects) 

(Xi-Xbar)*Z 
~~~~~~~~~~~~ 

3106406. 
2441406. 
10001406 
1366506. 
1709556. 
878906.3 
2066406. 
2648756. 

x 

x 

x 

x 
0 

8 
0 

Mean: 1837.5 6.967937 1860.850 
1062.030 

1.490236 
1.353950 

fiz% 
.4831085 
.0274043 
.%34986 

2-62Y 
0 

1.168746 

upper 95% confidence limit cn l rithaietic mean: 3084.239 
Upper 95% confidence limit on geamztric mean: 11534.63 



UPPER 95% CONFIDENCE LIUIT ON THE ARITHWETIC MEAN 

Enter Chasical: Aroclor-1248 (Site 2) 

Enter Wetrix: Soil 

Enter nuker of rasplee: 10 

Degrees of Freedom: 9 

Enter seeple results (use l/2 CROL for non-detects1 

1 
2 
3 
4 

5 
6 
7 
8 
9 

10 
11 

12 

13 
14 

15 
16 
17 

18 
19 

20 
21 
22 
23 
24 

25 
26 

27 
28 
29 
30 

31 

32 
33 
34 
3s 
36 
37 
38 

39 
40 
41 
42 
43 

Mean: 

6800 
133.5 

73 
60.5 
2500 
2200 
6200 

33000 

280 

5314.7 

7.549609 
8.824678 
4.894101 
4.290459 

4.102643 
7.824046 
7.696213 
8.732305 
10.40426 
5.634790 

0 
0 

0 
0 

0 
0 

0 
0 
0 

0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 

0 

0 
0 
0 
0 
0 
0 
0 

0 
0 

0 
0 
0 

6.995311 
1091.503 

(Xi-Xbar)-2 (Xi-Xbar)**t 
~~~~~~~~~~-~ -~~-~-~~~-~~ 

11660176 .307246a 
2206116. 3.346584 
26844833 4.415080 
27475419 7.316220 

27606618 8.367524 
7922536. .6868022 
9701356. .4912635 
783756.1 3.017148 
7.6648e8 11.62095 
25348204 1.851018 

0 0 
0 0 

0 0 
0 0 

0 0 
0 0 

0 0 

0 0 

0 0 

0 0 
0 0 

0 0 
0 0 
0 0 
0 0 

0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

10033.42 2.145275 

Upper 95% confidence limit on arithmetic mean: 11130.52 
Upper 95% confidence limit on gcanctric man: 666346.8 



UPPER 95% CONFIDENCE LIMIT ON THE ARITHMETIC MEAN 

Enter Chemicrl: Aroclor-1254 (Site 2) 

Enter Matrix: Soil 

Enter nakr of saples: 10 

Degrees of Freedom: 9 

Enter sample results (use l/2 CRDL for non-detects) 

1 
2 
3 
4 

5 
6 
7 

8 
9 
10 

11 

12 
13 
14 

15 
16 
17 

18 
19 
20 
21 

22 
23 
24 

25 
26 

27 
28 

29 
30 
31 

32 
33 
34 
35 
36 

37 
38 
39 
40 
41 

42 
43 

Mean: 

1250 
3750 

49 
16.5 

18 
490 
580 

1000 

3600 
91 

1084.45 

7.130899 
8.229511 
3.891820 
2.803360 

2.090372 
6.194405 
6.363028 

6.907755 
8.188689 

4.510860 

0 
0 

0 
0 

0 
0 

0 
0 
0 
0 
0 

0 
0 
0 

0 
0 

0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

5.711070 
302.1942 

(Xi-Xbsr)-2 (Xi -Xb8rF2 
w-e-e-----w- -w-am------- 

27406.80 2.015914 
7105157. 6.342546 

lOR157. 3.309669 
1140517. 8.454775 

1137316. 7.956338 

353370.8 -2336131 
254469.8 .4250494 

7131.803 1.432056 

6327992. 6.138597 

986942.9 1.440505 

0 0 

0 0 

0 0 
0 0 

0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

1430.325 2.048009 

Upper 95% confidence limit on ar:thmetic mean: 
Upper 95% confidence Limit on geometric mean: 

1913.531 
106109.0 



UPPER 05% CONFIDENCE' LIMIT ON THE ARITHMETIC MEAN 

Enter Chemical: Aroclor-1248 (Site 3) 

Enter Matrix: Soil 

Enter nuber of srples: 6 

Degrees of Fredan: 5 

Enter sanple results (use l/2 CROL for non-detects) 

1 830 6.R1426 

2 250 5.521461 

3 44 3.784190 

4 19.5 2.970414 

5 85 4.442651 

6 49 3.891820 
7 0 
8 0 
9 0 
10 0 
11 0 
12 0 
13 0 
14 0 

15 0 
16 0 
17 0 
18 0 
19 0 
20 0 
21 0 
22 0 
23 0 
24 0 
25 0 
26 0 
27 0 
28 0 
29 0 
30 0 
31 0 
32 0 
33 0 
34 0 
35 0 
36 0 
37 0 
38 0 
39 0 
40 0 
41 0 
42 0 
43 0 

Mean: 212.9167 4.555327 
95.13786 

<Xi-Xber)"2 (Xi-Xbar)**2 
~~~~~~~~~~~~ m-mammeemmme 

380791.8 4.691983 
1375.174 .9334147 

28532.84 .5946529 

37410.01 2.511948 

16362.67 -0126958 

26868.67 .4402412 

0 0 

0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

313.4m 1.355355 

Upper 95% confidence limit on arithmetic mean: 470.7898 
Upper %X confidence limit on geometric mean: 1296.072 



UPPER 05% CONFIDENCE-LIMIT ON THE ARITHMETIC MEAN 

Enter Chemic81: Aroclor-1254 (Site 3) 

Enter Matrix: Soil 

Enter nuber of maples: 6 

Degrees of Freedom: 5 

Enter sanple results (use l/2 CROL for non-detects) 

1 1800 7.495542 
2 530 6.27287 

3 85 4.442651 
4 19.5 2.970414 

5 85 4.442651 
6 49 3.891820 
7 0 

8 0 
9 0 

10 0 
11 0 

12 0 

13 0 
14 0 
15 0 

16 0 

17 0 
18 0 
19 0 
20 0 
21 0 

22 0 
23 0 

24 0 

25 0 

26 0 

27 0 
28 0 

29 0 
30 0 
31 0 
32 0 
33 0 

34 0 
35 0 

36 0 

37 0 
38 0 
39 0 
40 0 
41 0 
42 0 
43 0 

Mean: 428.0833 4.919326 
136.9103 

(Xi-XbrY2 (Xi-Xbar)**Z 
~~~~~~~~-~~- --~~~~~~~~~- 

1882155. 6.636888 

10387.01 1.832100 

llTlob.2 .2272188 
166940.3 3.798256 
117706.2 -2272188 
143704.2 1.055768 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 
0 0 
0 0 

0 0 
0 0 

0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 

0 0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

698.3694 1.659967 

Upper 95% confidence limit on arithmetic mean: 1002.576 

Upper 05% confidence limit on geometric mean: 4549.970 



SAMPLE CALCULATION8 
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CALCULATION WORKSHEET wnwo. tsclrma) a- OF 3 PAGE 

CLIENT JOB NUMBER 

b&v/y ccEI)id - udrRP BEWAGE 1353 
SUBJECT 

Cc(uyclt~ 8F EPe0ErnV~ cam-w 

BASED ON DRAWING NUMBER 

APPROVED BY DATE 

I 

SmPcE 

I 

2 
3 
4 
5 

6 

1 

8 

9 
IO 

Z%i = s.3\5r10+ 

XZ 

3.41 *to‘ 
4 .w 1 f07 
mar lo4 

5.3a9 MO3 
3.66 % ,03 
6.25 gtOc 

4.sq wto‘ 
3.w Jc to’ 
LO89 x IO9 

7wo 1 lo4 



CALCULATION WORKSHEET ~wa.ar,ccs~~~~) 3 OF 3 PAGE 

CLIENT JOB NUMBER 

I953 

BASED ON DRAWlNG NUMBER 

BY CHECKED 0 

d@p 

APPROVED BY 
DATE as/a4 93 

v 

ba dC= 9 , f,*= 1433 

Tablo A2 Ouanliles of the r Distribution (Values of f Such That 10@96 
of the Distribution Is Less Than 1.J 

.325 

.n9 

.I?? 

.Z?l 

.x7 

.?I? 

.Ll? 

:E 
-559 

1.176 1.078 6.llb 11.706 31.121 ‘3.657 
1.061 I.066 2.910 a.301 ‘.%5 9.¶25 

.I?# 1 .ClI 2.353 3.11? 4.541 5.u1 

.Hl 1.513 2.112 2 .??C 3.7bl r.bob 

.WO 1.b7‘ 1.015 a.571 1.3‘5 ..012 

.265 

.I‘1 
.1c: 
.2‘1 
.26c 

351 
.%I 
.Y6 
.%3 
.%2 

.906 

.uC 

.u9 

.Ul 

.a79 

1.640 
1.415 
1.39: 
l.lU 
1.37Y 

1.9r3 
1.19: 
l.uo 
1 .a33 
1.811 

Z.bb? 
:.3C5 
2.306 
1.2‘7 
1.221 

1.143 
1.998 
l.D% 
I.#:$ 
:.7Cb 

3.707 
3 .b99 
3.355 
3.150 
3.1‘9 

.lCo .)rO .B?C 1.363 1.79‘ 2.101 1.718 3.106 

.25¶ .519 .a73 1.356 1.X i.179 2.Ul 3.055 

.25c .53I .B?O 1.350 1.771 2.160 2.650 1.012 

.:5b .537 . ua I.lb5 1 .?bl :.1e5 2.bZb i.Y?? 

.156 .51‘ .8‘6 I.141 1.751 i.131 : .ull l.W? 

.25C 

.:57 

.:57 

.157 

.257 

,535 .CC5 1.31: 1 .?bb :.120 1.511 2.521 
.5lL .Cb3 1.133 l.?bO :.110 2.56‘ 2 .un 
.51r .@6? l.llC 1.71r 2.101 i.55: 
.533 

2.170 
.I‘! I.370 1 .?I9 I.095 :.519 

.533 
2.Cf.l 

.uo 1.125 1 .I25 I .OU 2.516 2.C.5 

.:57 .51: ,059 I.$?1 1.721 l.GBP 2.510 

.256 .51: 
2.e31 

.C56 1.1:1 1.)': ?.O?b 2.5C6 
.15b 

2.119 
.537 .a51 I.319 1.71. ; .069 ?.500 

.256 .511 
Z.CL? 

.I): 1 .)I8 1.711 I.064 1 .r92 
.15c 

2.797 
.511 .056 l.,Ib I.708 I .060 z..c> 2.717 

.25‘ 

.25‘ 

.15‘ 

.25‘ 

.I56 

.255 

.25b 

.2M 

.251 

.551 

.531 
.550 
.IlC 
.530 

..5‘ 

.e55 

.C55 

.I54 

.I)56 

1.515 
1.116 
1.111 
1.31: 
1 .I10 

1.706 
l.?Ol 
1.701 
1 .u9 
1 .U? 

I .05b 
J.051 
2 .ou 
:.m5 
Z.ob? 

z.o:r 
2.ooo 
1 .uo 
l.lY) 

2.r79 2.77) 
2.a71 1.771 
: ..C? 1.7C3 
2.bC2 1.7s‘ 
2.a57 2.7% 

.5n .051 1 .lCl 1.bI. 

.52: .Mb 1 .29b I.671 

.5:b .m45 1.2.) 1.658 

.52* .#*I 1.281 1.05 

1.423 2.701 
2.190 I.660 
2.15C : ,617 
1.32‘ 2.57‘ 

Soucr: Flan Fuhcr md Ywu. 1974. Uud by p-mm 
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c 
= 

Ii2 = 

&F = 

ED = 

BIF3 = 

AT = 
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BY CHECKED BY APPROVED BY 

iI 

3 OF3 PAGE 

m 

. 

(3) 

0 9 

_- 

=-I 

REVWD 
CAME= = 3.9 x r&-8 

. . 
RISK I 
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